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Figure 1. X-ray crystal structure of the condensation product 15.
Figure 2. X-ray crystal structure of the enol ether 16.
(Z)-1-Chloro-4-(tert-butyldimethylsilyl)-1-buten-3-yne (32)
A solution of (tert-butyldimethylsilyl)acetylene (14.5 g, 103 mmol, 1
equiv), n-propyl amine (42.5 mL, 517 mmol, 5.00 equiv), and (Z)-1,2-
dichloroethylene (32.5 mL, 413 mmol, 4.00 equiv) in ether (150 mL) was
deoxygenated at -78 OC by alternate vacuum/argon-purge cycles (8x). The
reaction vessel was transferred to an ice bath and copper(l) iodide (2.95 g, 15.5
mmol, 0.15 equiv) was added to the reaction mixture. The resulting
suspension was cooled to -78 OC and was deoxygenated, as described above.
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In a similar fashion, bis(triphenylphosphine)palladium(II) chloride (3.64 g, 5.17
mmol, 0.050 equiv) was added (at 0 oC) and the resulting mixture was
deoxygenated once again at -78 oC. The deoxygenated reaction suspension
was then warmed to 23 oC and was stirred at that temperature for 3 h. The
brown product solution was washed with a 1:1 mixture of saturated aqueous
potassium carbonate solution and saturated aqueous ammonium chloride
solution (3 x 150 mL). The organic layer was dried over sodium sulfate and
was concentrated. The residue was purified by distillation under reduced
pressure (bp 45-50 oC, 0.5 mm Hg) to afford (Z)-1-chloro-4-(tert-
butyldimethylsilyl)-1-buten-3-yne (32) as a colorless oil (12.5 g, 60%): R, 0.43,
hexanes; 'H NMR (300 MHz, CDCI 3) 8 6.40 (d, 1H, J = 7.6 Hz), 5.89 (d, 1H, J =
7.5 Hz), 0.98 (s, 9H), 0.16 (s, 6H); 13 C NMR (100 MHz, CDCl3) 8 129.4, 112.1,
102.1, 98.8, 26.0, 16.6, -4.8; FTIR (neat), cm-': 2157 (w, C=C); HRMS (FAB)
m/z calcd for CjoH17 CISi (M)+ 200.0788, found: 200.0795; Elem. anal. Calcd for
CloH17CISi: C, 59.82; H, 8.53. Found: C, 59.61; H, 8.75.
(Z)-1-Chloro-4-(trimethylsilyl)-1-buten-3-yne (34)
A solution of (trimethylsilyl)acetylene (25.0 g, 254 mmol, 1 equiv), n-
propyl amine (105 mL, 1.27 mol, 5.00 equiv), and (Z)-1,2-dichloroethylene (80.2
mL, 1.02 mol, 4.00 equiv) in ether (400 mL) was deoxygenated at -78 OC by
alternate vacuum/argon-purge cycles (8x). The reaction vessel was transferred
to an ice bath and copper(l) iodide (7.27 g, 38.2 mmol, 0.150 equiv) was added
to the reaction mixture. The resulting suspension was cooled to -78 OC and
was deoxygenated, as described above. In a similar fashion,
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bis(triphenylphosphine)palladium(II) chloride (8.93 g, 12.7 mmol, 0.050 equiv)
was added (at 0 oC) and the reaction solution was deoxygenated once again
(-78 oC). The deoxygenated reaction suspension was then warmed to 23 oC
and was stirred at that temperature for 3 h. The brown product solution was
washed with a 1:1 mixture of saturated aqueous potassium carbonate solution
and saturated aqueous ammonium chloride solution (3 x 400 mL). The
organic layer was dried over sodium sulfate and was concentrated. The crude
product was purified by flash column chromatography (hexanes) to afford (Z)-1-
chloro-4-(trimethylsilyl)-1-buten-3-yne (34) as a pale yellow oil (32.4 g, 80%): Rf
0.51, hexanes; 'H NMR (300 MHz, CDCl 3) 8 6.45 (d, 1H, J= 7.5 Hz), 5.90 (d, 1H,
J = 7.5 Hz), 0.20 (s, 9H); FTIR (neat), cm-1 : 2147 (w, C=C).
(Z)-1-(tert-Butyldimethylsilyl)-6-(trimethylsilyl)-3-hexen-1,5-diyne (33)
From (Z)-1 -Chloro-4-(tert-butyldimethylsily)-1 -buten-3-yne (32):
Tetrakis(triphenylphosphine)palladium(0) (4.75 g, 4.10 mmol, 0.048
equiv) was added to a solution of (Z)-1-chloro-4-(tert-butyldimethylsilyl)-1-
buten-3-yne (32, 17.2 g, 85.7 mmol, 1 equiv) in ether (160 mL) at -78 oC. The
resulting suspension was deoxygenated by alternate vacuum/argon-purge
cycles (5x), then was warmed to 23 OC. In another flask, copper(l) iodide (2.45
g, 12.8 mmol, 0.150 equiv) was added to a solution of (trimethylsilyl)acetylene
(17.0 mL, 120 mmol, 1.40 equiv) and n-propyl amine (27.5 mL, 334 mmol, 3.90
equiv) in ether (100 mL) at -78 oC. The solution was deoxygenated (as above,
5x), then was stirred in an ice bath for 10 min causing the light green solution
to turn reddish-brown. The reddish-brown solution was then cooled to -78 OC.
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The palladium-containing suspension prepared above was added over 5 min
via a wide-bore cannula to the cold reddish-brown solution. The mixture was
deoxygenated (as above, 5x), then was stirred in an ice bath for 3 h and at 23
OC for 1 h. The reaction mixture was partitioned between saturated aqueous
ammonium chloride solution (200 mL) and hexanes (300 mL). The aqueous
layer was separated and extracted further with hexanes (2 x 300 mL). The
combined organic layers were dried over sodium sulfate and were
concentrated. The residue was filtered, then was purified by distillation under
reduced pressure (bp 70-80 oC, 0.5 mm Hg) to provide (Z)-1-(tert-
butyldimethylsilyl)-6-(trimethylsilyl)-3-hexen-1,5-diyne (33) as a light yellow oil
(20.4 g, 90%).
From (Z)-1 -Chloro-4-(trimethylsilyl)-1 -buten-3-yne (34):
Tetrakis(triphenylphosphine)palladium(0) (473 mg, 410 pmol, 0.050
equiv) was added to a solution of (Z)-1 -chloro-4-(trimethylsilyl)-1 -buten-3-yne
(34, 1.3 g, 8.2 mmol, 1 equiv) in ether (5 mL) at -78 oC. The resulting
suspension was deoxygenated by alternate vacuum/argon-purge cycles (5x),
then was warmed to 23 OC. In another flask, copper(l) iodide (234 mg, 1.20
mmol, 0.150 equiv) was added to a solution of (tert-butyldimethylsilyl)acetylene
(1.3 g, 9.0 mmol, 1.1 equiv) and n-propyl amine (2.7 mL, 33 mmol, 4.0 equiv) in
ether (25 mL) at -78 *C. The solution was deoxygenated (as above, 5x), then
was stirred in an ice bath for 10 min. The greenish solution was then cooled to
-78 oC. The palladium-containing suspension prepared above was added
over 2 min via a wide-bore cannula to the cold greenish solution. The mixture
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was deoxygenated (as above, 5x), then was stirred in an ice bath for 3 h and at
23 OC for 1 h. The reaction mixture was partitioned between saturated aqueous
ammonium chloride solution (50 mL) and hexanes (50 mL). The aqueous
layer was separated and extracted further with hexanes (2 x 50 mL). The
combined organic layers were dried over sodium sulfate and were
concentrated. The crude product was purified by flash column chromatography
(hexanes) to provide (Z)-1-(tert-butyldimethylsilyl)-6-(trimethylsilyl)-3-hexen-1,5-
diyne (33) as a light yellow oil (1.64 g, 76%): R, 0.32, hexanes; 'H NMR (300
MHz, CDCI3) 8 5.85 (s, 2H), 0.98 (s, 9H), 0.21 (s, 9H), 0.15 (s, 6H); 13C NMR
(100 MHz, CDCl 3) 5 120.4(2C), 103.1, 102.5, 101.8, 101.6, 26.2, 16.5, -0.2, -4.6;
FTIR (neat), cm-': 2147 (w, C=C), 2117 (w, C=C); HRMS (FAB) m/z calcd for
Ci 5 H27 Si2 (MH)* 263.1651, found: 263.1666; Elem. anal. Calcd for C15H26Si2:
C, 68.62; H, 9.98. Found: C, 69.01; H, 10.13.
tert-Butyl[(Z)-3-hexene-1,5-diynyl]dimethylsilane (31)
Solid potassium carbonate (5.36 g, 38.9 mmol, 1.10 equiv) was added
to a solution of (Z)-1 -(tert-butyldim ethylsilyl)-6-(trim ethylsilyl)-3-hexen- 1, 5-diyne
(33, 9.26 g, 35.3 mmol, 1 equiv) in methanol (100 mL) at 23 OC and the
resulting suspension was stirred at 23 oC for 1 h. The reaction mixture was
then partitioned between saturated aqueous sodium chloride solution (200
mL) and hexanes (200 mL). The aqueous layer was separated and extracted
with one 200-mL portion of hexanes. The combined organic layers were dried
over sodium sulfate and were concentrated. The product was purified by flash
column chromatography (hexanes) to furnish tert-butyl[(Z)-3-hexene-1,5-
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diynyl]dimethylsilane (31) as a brown oil (6.35 g, 95%). Due to its instability to
storage, the product was typically carried directly on to the next step in the
sequence. Rf 0.27, hexanes; 'H NMR (300 MHz, CDC 3) 5 5.92 (d, 1H, J = 11.0
Hz), 5.82 (dd, 1H, J= 11.0, 2.3 Hz), 3.34 (d, IH, J= 2.4 Hz), 0.97 (s, 9H), 0.15 (s,
6H); FTIR (neat), cm-1 : 3297 (m, C=CH), 2150 (w, C=C), 2114 (w, C=C).
Methyl (6S, 7S, IOR)-7,8,9,10-Tetrahydro-10-hydroxy-2,9,9-trimethoxy-7-
methyl-6-(phenylethynyl)-5(6H)-phenanthridinecarboxylate (29) and Methyl
(6R, 7S, IOR)-7,8,9,10-Tetrahydro-10-hydroxy-2,9,9-trimethoxy-7-methyl-6-
(phenylethynyl)-5(6H)-phenanthridinecarboxylate (30)
A solution of ethylmagnesium bromide in tetrahydrofuran (1.0 M, 0.33
mL, 0.33 mmol, 4.0 equiv) was added to a solution of phenylacetylene (40 glL,
0.36 mmol, 4.4 equiv) in tetrahydrofuran (1.5 mL) at 0 oC. Upon completion of
the addition, the mixture was warmed to 23 OC and was stirred at that
temperature for 30 min. The resulting solution was then transferred via
cannula over 30 s to a solution of (7S, 10R)-7,8,9,10-tetrahydro-2,9,9-
trimethoxy-7-methyl-10-phenanthridinol (24, 25 mg, 0.08 mmol, 1 equiv) in
tetrahydrofuran (1 mL) at -78 OC. The receiving flask was transferred to an ice
bath for 10 min, then was cooled to -78 OC. Methyl chloroformate (20 gL, 0.26
mmol, 3.2 equiv) was added to the cold reaction mixture. The resulting solution
was warmed to 0 oC and was stirred at that temperature for 3 h. The product
solution was partitioned between aqueous phosphate buffer solution (pH 7,
0.05 M in sodium hydrogen phosphate and 0.05 M in potassium dihydrogen
phosphate, 50 mL) and ethyl acetate (30 mL). The aqueous layer was
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separated and extracted with ethyl acetate (30 mL). The combined organic
layers were dried over sodium sulfate and were concentrated. The residue
was purified by flash column chromatography (50% ethyl acetate in hexanes
initially, then 60% ethyl acetate in hexanes) to furnish separately methyl (6S, 7S,
1 OR)-7,8,9,1 0-tetrahydro-1 0-hydroxy-2,9,9-tri-methoxy-7-methyl-6-(phenyl-
ethynyl)-5(6H)-phenanthridinecarboxylate (29) as a colorless oil (11 mg, 29%)
and methyl (6R, 7S, 10R)-7,8,9,10-tetrahydro-10-hydroxy-2,9,9-trimethoxy-7-
methyl-6-(phenylethynyl)-5(6H)-phenanthridinecarboxylate (30) as a colorless
oil (1 mg, 3%). 29: Rf 0.14, 40% ethyl acetate-hexanes; 'H NMR (400 MHz,
CDCl3) 8 7.36 (br s, 4H), 7.20 (br m, 2H), 7.04 (d, 1 H, J = 2.7 Hz), 6.82 (dd, 1 H, J
= 9.2, 2.7 Hz), 5.87 (br s, 1 H), 4.80 (dd, 1 H, J = 8.5, 1.7 Hz), 3.84 (s, 3H), 3.81 (s,
3H), 3.43 (s, 3H), 3.37 (s, 3H), 2.64 (m, 1H), 2.38 (d, 1H, J = 8.5 Hz), 2.18 (dd,
1 H, J = 14.2, 5.7 Hz), 1.65 (dd, 1 H, J = 14.2, 7.9 Hz), 1.37 (d, 3H, J = 7.2 Hz);
FTIR (neat), cm-': 3500 (br, OH), 1698 (vs, C=0); HRMS (FAB) m/z calcd for
C27 H29NO 6 (M)+ 463.1995, found: 463.1983. 30: Rf 0.23, 40% ethyl acetate-
hexanes; 'H NMR (400 MHz, CDCl3) 8 7.23 (d, 1H, J = 2.7 Hz), 7.18 (br m, 6H),
6.71 (dd, 1 H, J = 8.9, 2.9 Hz), 6.02 (br s, 1 H), 4.35 (br s, 1 H), 3.74 (s, 3H), 3.72
(s, 3H), 3.29 (s, 3H), 3.11 (s, 3H), 2.70 (br p, 1 H, J = 7.1 Hz), 2.29 (d, 1 H, J = 3.0
Hz), 2.14 (dd, 1 H, J = 14.2, 7.1 Hz), 1.80 (br d, 1 H, J = 14.2 Hz), 1.27 (d, 3H, J =
7.1 Hz); FTIR (neat), cm-': 3500 (br, OH), 1698 (vs, C=0); HRMS (FAB) m/z
calcd for C2 7H2 9 NO6 (M)+ 463.1995, found: 463.2021.
7
v i / american onemicai zociety J. Am. k-nem. 3oc. v i it rageou i / iviyers 3uppiemental rage 6
Stereochemical Assignments for the Products 29 and 30:
Ph
HAH B eCO 2 CH3  H3 H CO2CH3
HO HHH
O CHHcHD HO OCH3 B
OCHH 30
29 3 
Ph
29, major diastereomer 3,mnrdatroe
Calculated Observed Cacltd Osre
- JAOHH8.5H H
JAD=3.9 Hz JAD=1.7 HZ JA1HZ ADH
JBD= 12.1Hz JBD=7.9H Hz11Z B<H
- JAH r.0HJAD 1.0 Hz JAD3 = c H
Jc 3.9Hz J = 5.7 Hz J k=6.9HZ Co = 7.1 Hz
Allyl (6S, 7S, IOR)-6-[(Z)-6-(tert-Butyldimethylsilyl)-3-hexene-1,5-diynyl]-
7,8,9,1 0-tetrahydro-1 0-hydroxy-2,9,9-trimethoxy-7-methyl-5(6H)-phenanthri-
dinecarboxylate (37)
A solution of ethylmagnesium bromide in tetrahydrofuran (1.0 M, 3.0 mL,
3.0 mmol, 0.73 equiv) was added over 2 min to a solution of (7S, 10R)-7,8,9,10-
tetrahydro-2,9,9-trimethoxy-7-methyl-1 0-phenanthridinol (24, 1.25 g, 4.12 mmol,
1 equiv) in tetrahydrofuran (25 mL) at -78 oC. The resulting solution was stirred
in an ice bath for 10 min, then was cooled to -78 oC. In a separate flask, a
solution of ethylmagnesium bromide in tetrahydrofuran (1.0 M, 10.0 mL, 10.0
mmol, 2.43 equiv) was added over 5 min to a solution of tert-butyl[(Z)-3-hexene-
1,5-diynyl]dimethylsilane (31, 2.50 g, 13.1 mmol, 3.19 equiv) in tetrahydrofuran
(50 mL) at 0 oC, and the resulting solution was stirred at 0 oC for 10 min (gas
evolution was observed over this period of time). Complete deprotonation was
ensured by warming the reaction mixture to 23 OC and, after stirring at that
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temperature for 20 min, by warming to reflux briefly with a heat gun. The
mixture was allowed to cool to 23 oC, then was transferred via cannula over 3
min to the cold solution (-78 OC) of magnesium alkoxide prepared above. Allyl
chloroformate (870 gL, 8.20 mmol, 1.99 equiv) was added, and the reaction
mixture was warmed to 0 oC and was stirred at that temperature for 4 h. The
product solution was partitioned between aqueous phosphate buffer solution
(pH 7, 0.05 M in sodium hydrogen phosphate and 0.05 M in potassium
dihydrogen phosphate, 100 mL) and ethyl acetate (80 mL). The aqueous layer
was separated and extracted with one 80-mL portion of ethyl acetate. The
combined organic layers were dried over sodium sulfate and were
concentrated. The residue was purified by flash column chromatography (20%
ethyl acetate in hexanes initially, grading to 60% ethyl acetate in hexanes) to
afford separately allyl (6S, 7S, 1 OR)-6-[(Z)-6-(tert-butyldimethylsilyl)-3-hexene-
1,5-diynyl]-7,8,9,1 0-tetrahydro-1 0-hydroxy-2,9,9-trimethoxy-7-methyl-5(6H)-
phenanthridinecarboxylate (37) as a light yellow oil (1.65 g, 69%) as well as the
diastereomeric (6R, 7S, 10R)-6-[(Z)-6-(tert-butyldimethylsilyl)-3-hexene-1,5-
diynyl]-7,8,9,1 0-tetrahydro-1 0-hydroxy-2,9,9-trim ethoxy-7-m ethyl-5(6H)-phen-
anthridinecarboxylate (38), also as a light yellow oil (67 mg, 3%). 37: R, 0.27,
40% ethyl acetate-hexanes; 'H NMR (400 MHz, CDCI3) 8 7.41 (br s, 1H), 7.00
(d, 1 H, J = 2.9 Hz), 6.79 (dd, 1 H, J = 8.8, 2.9 Hz), 5.94 (br m, 2H), 5.71 (d, 1 H, J=
11.2 Hz), 5.62 (dd, 1H, J= 11.2, 1.9 Hz), 5.32 (br d, 1H, J = 16.8 Hz), 5.23 (br d,
1 H, J = 10.5 Hz), 4.77 (dd, 1 H, J = 8.5, 1.9 Hz), 4.72 (dd, 1 H, J = 8.5, 2.0 Hz),
4.62 (br m, 1 H), 3.83 (s, 3H), 3.43 (s, 3H), 3.35 (s, 3H), 2.59 (m, 1 H), 2.44 (br m,
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1H), 2.15 (dd, 1H, J= 14.4, 5.3 Hz), 1.61 (dd, 1H, J= 14.4, 8.6 Hz), 1.32 (d, 3H, J
= 7.3 Hz), 0.96 (s, 9H), 0.13 (s, 6H); FTIR (neat), cm-1: 3476 (br, OH), 2245 (w,
C=C), 2140 (w, C=C), 1698 (vs, C=O); HRMS (FAB) m/z calcd for
C33H43NO 6 SiNa (M+Na)* 600.2757, found: 600.2738. 38: R, 0.33, 40% ethyl
acetate-hexanes; 'H NMR (400 MHz, CDCl 3) 8 7.41 (br s, 1 H), 7.27 (d, 1 H, J=
2.9 Hz), 6.78 (dd, 1 H, J = 8.8, 2.9 Hz), 6.11 (br s, 1 H), 5.93 (br m, 1 H), 5.72 (d,
IH, J= 11.2 Hz), 5.63 (dd, 1H, J= 11.2, 2.0 Hz), 5.30 (br d, 1H, J= 16.6 Hz), 5.21
(br d, 1H, J = 10.5 Hz), 4.75 (dd, 1H, J= 13.9, 5.4 Hz), 4.59 (br m, 1H), 4.10 (br s,
1H), 3.81 (s, 3H), 3.35 (s, 3H), 3.18 (s, 3H), 2.73 (br p, 1H, J = 7.3 Hz), 2.42 (br
s, 1 H), 2.08 (dd, 1 H, J = 14.2, 7.3 Hz), 1.86 (br d, 1 H, J = 14.2 Hz), 1.30 (d, 3H, J
= 7.3 Hz), 0,96 (s, 9H), 0.13 (s, 6H); FTIR (neat), cm-1 : 3478 (br, OH), 2249 (w,
C=C), 2143 (w, C=C), 1704 (vs, C=O).
Allyl (6S, 6aS, 7S, IOR, 1OaS)-6-[(Z)-6-(tert-Butyldimethylsilyl)-3-hexene-1,5-
diynyl]-7,8,0,10-tetrahydro-10-hydroxy-2,9,9-trimethoxy-7-methyl-6a,10a-
epoxyphenanthridine-5(6H)-carboxylate (41)
m-Chloroperoxybenzoic acid (55% w/w, 332 mg, 1.06 mmol, 1.20 equiv)
was added to a biphasic solution of allyl (6S, 7S, 10R)-6-[(Z)-6-(tert-
butyldimethylsilyl)-3-hexene-1, 5-diynyl]-7,8,9,1 0-tetrahydro-1 0-hydroxy-2,9,9-tri-
m ethoxy-7-methyl-5(6H)-phenanthridinecarboxylate (37, 509 mg, 0.881 mmol,
1 equiv) in dichloromethane (25 mL) and aqueous phosphate buffer solution
(pH 7, 0.05 M in sodium hydrogen phosphate and 0.05 M in potassium
dihydrogen phosphate, 25 mL) at 0 oC. The biphasic reaction mixture was
stirred vigorously at 0 oC for 6.5 h. A second portion of m-chloroperoxybenzoic
10
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acid (55% wlw, 343 mg, 1.09 mmol, 1.24 equiv) was added and the reaction
mixture was stirred at 0 oC for an additional 3.5 h, then at 23 OC for 8 h. A final
portion of n-chloroperoxybenzoic acid (55% w/w, 240 mg, 0.765 mmol, 0.868
equiv) was added at this point and the reaction mixture was stirred at 23 OC for
8 h. The product solution was poured into 1:1 mixture of a saturated aqueous
sodium bicarbonate solution and saturated aqueous sodium thiosulfate
solution (200 mL). The aqueous layer was separated and extracted further with
dichloromethane (2 x 75 mL). The combined organic layers were dried over
sodium sulfate and were concentrated. The residue was purified by flash
column chromatography (40% ethyl acetate in hexanes) to provide allyl (6S,
6aS, 7S, I OR, 1 OaS)-6-[(Z)-6-(tert-butyldimethylsilyl)-3-hexene-1,5-diynyl]-
7,8,0,1 0-tetrahydro-1 0-hydroxy-2,9,9-trimethoxy-7-methyl-6a, 1 Oa-epoxyphenan-
thridine-5(6H)-carboxylate (41) as a light yellow oil (370 mg, 71%): Rf 0.30,
40% ethyl acetate-hexanes; 1H NMR (400 MHz, C6 D6 ) 8 7.58 (d, 1 H, J = 2.9 Hz),
7.35 (br d, 1H, J= 8.8 Hz), 6.68 (dd, 1H, J= 8.8, 2.9 Hz), 6.44 (br s, 1H), 5.68 (m,
1H), 5.36 (d, 1H, J= 11.0 Hz), 5.20 (dd, IH, J= 11.0, 1.5 Hz), 5.11 (br d, 1H, J =
17.1 Hz), 4.93 (br d, 1 H, J= 10.5 Hz), 4.73 (d, 1 H, J= 11.2 Hz), 4.64 (dd, 1 H, J =
13.4, 5.1 Hz), 4.48 (br dd, 1H, J = 13.4, 5.1 Hz), 3.29 (s, 3H), 3.27 (s, 3H), 2.98
(s, 3H), 2.98 (br s, 1H), 2.23 (m, 1H), 1.91 (dd, 1H, J= 14.6, 4.2 Hz), 1.56 (dd,
1H, J= 14.6, 11.2 Hz), 1.37 (d, 3H, J = 7.6 Hz), 1.14 (s, 9H), 0.24 (s, 6H); FTIR
(neat), cm-1 : 3523 (br, OH), 2280 (w, C=C), 2141 (w, C C), 1713 (vs, C=0);
HRMS (FAB) m/z calcd for C33 H43 NO7 SiNa (M+Na)+ 616.2706, found: 616.2688.
II
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Allyl (6S, 6aS, 7S, 10R, 1OaS)-6-[(Z)-3-Hexene-1,5-diynyl]-7,8,0,10-tetrahydro-
2,1 0-dihydroxy-2,9,9-trimethoxy-7-methyl-6a,I Oa-epoxyphenanthridine-
5(6H)-carboxylate (42)
A solution of tetrabutylammonium fluoride in tetrahydrofuran (3.0 M, 0.40
mL, 1.2 mmol, 1 equiv) was added to a solution of allyl (6S, 6aS, 7S, 10R,
1 OaS)-6-[(Z)-6-(tert-butyldimethylsilyl)-3-hexene-1,5-diynyl]-7,8,0,1 0-tetrahydro-
1 0-hydroxy-.2,9,9-trimethoxy-7-methyl-6a, 1 0a-epoxyphenanthridine-5(6H)-car-
boxylate (41, 680 mg, 1.14 mmol, 1 equiv) in tetrahydrofuran (25 mL) at 0 oC.
After stirring at 0 oC for 5 min, the reaction mixture was partitioned between
aqueous phosphate buffer solution (pH 7, 0.05 M in sodium hydrogen
phosphate and 0.05 M in potassium dihydrogen phosphate, 100 mL) and ethyl
acetate (50 mL). The aqueous layer was separated and extracted further with
ethyl acetate (2 x 50 mL). The combined organic layers were dried over
sodium sulfate and were concentrated. The residue was purified by flash
column chromatography (40% ethyl acetate in hexanes) to afford allyl (6S, 6aS,
7S, 10R, 1OaS)-6-[(Z)-3-hexene-1,5-diynyl]-7,8,0,10-tetrahydro-2,10-dihydroxy-
2,9,9-trimethoxy-7-methyl-6a,10a-epoxyphenanthridine-5(6H)-carboxylate (42)
as a light yellow oil (491 mg, 89%): Rf 0.19, 40% ethyl acetate-hexanes; 1H
NMR (400 MHz, CD 6 ) 8 7.59 (d, 1 H, J = 2.9 Hz), 7.34 (br d, 1 H, J = 8.8 Hz), 6.67
(dd, 1 H, J = 8.8, 2.9 Hz), 6.42 (br s, I H), 5.65 (m, I H), 5.22 (dd, 1 H, J = 11.2, 1.2
Hz), 5.18 (dd, 1H, J= 11.2, 1.8 Hz), 5.09 (br d, 1H, J= 17.3 Hz), 4.91 (br d, 1H, J
= 10.3 Hz), 4.74 (d, 1H, J= 11.2 Hz), 4.61 (ddt, 1H, J= 13.7, 5.4, 1.5 Hz), 4.48 (br
dd, 1 H, J = 13.7, 5.4 Hz), 3.28 (s, 3H), 3.27 (s, 3H), 3.00 (br s, 1 H), 2.97 (s, 3H),
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2.93 (d, 11H), 2.21 (m, 1 H), 1.88 (dd, 1 H, J = 14.6, 4.2 Hz), 1.64 (dd, 1 H, J = 14.6,
11.7 Hz), 1.30 (d, 3H, J = 7.3 Hz); FTIR (neat), cm~': 3480 (br, OH), 3282 (m,
CdCH), 2279 (w, C=C), 1706 (vs, C=0); HRMS (FAB) m/z calcd for C27H29NO 7Na
(M+Na)f 502.1841, found: 502.1847.
Allyl (6S, 6aS, 7S, 1OaR)-6-[(Z)-3-Hexene-1,5-diynyl]-7,8,9,10-tetrahydro-
2,9,9-triimethoxy-7-methyl-10-oxo-6a,10a-epoxyphenanthridine-5(6H)-
carboxylate (51)
Dimethyl sulfoxide (270 gL, 3.80 mmol, 6.93 equiv) was added to a
solution of oxalyl chloride (240 gL, 2.75 mmol, 5.02 equiv) in dichloromethane
(3 mL) at -78 oC and the resulting solution was stirred at -78 oC for 15 min. A
solution of allyl (6S, 6aS, 7S, 10R, lOaS)-6-[(Z)-3-hexene-1,5-diynyl]-7,8,9,10-
tetrahydro-1 0-hydroxy-2,9,9-trimethoxy-7-methyl-6a, 1 Oa-epoxyphenanthridine-
5(6H)-carboxylate (42, 263 mg, 0.548 mmol, 1 equiv) in dichloromethane (3.5
mL) was then added via cannula to the cold reaction solution (-78 oC). The
reaction mixture was warmed to -40 oC and was held at that temperature for 7
h, then was cooled to -78 oC and treated with triethylamine (1.40 mL, 10.0
mmol, 18.3 equiv). The resulting solution was warmed to 0 0C and was stirred
at that temperature for 10 min. The reaction mixture was poured into aqueous
phosphate buffer solution (pH 7, 0.05 M in sodium hydrogen phosphate and
0.05 M in potassium dihydrogen phosphate, 100 mL). The aqueous layer was
separated and extracted further with two 70-mL portions of ethyl acetate. The
combined organic layers were dried over sodium sulfate and were
concentrated. The residue was purified by flash column chromatography (30%
13
v i / american onemicai zociety J. Am. k-nem. 3oc. v i it rageou I/ /viyers 3uppiemental rage i,+
ethyl acetate in hexanes) to afford allyl (6S, 6aS, 7S, 1OaR)-6-[(Z)-3-hexene-1,5-
diynyl]-7,8,9,1 0-tetrahydro-2,9,9-dimethoxy-7-methyl-1 0-oxo-6a, 10 a-epoxyphen-
anthridine-15(6H)-carboxylate (51) as a colorless oil (237 mg, 90%): Rf 0.32,
40% ethyl acetate-hexanes; 1H NMR (300 MHz, CDC 3 ) 8 7.74 (d, 1 H, J = 2.7
Hz), 7.23 (br d, 1H, J= 8.8 Hz), 6.87 (dd, 1H, J = 8.8, 2.7 Hz), 5.84 (m, 2H), 5.69
(br s, 2H), 5.22 (br d, 1H, J= 17.9 Hz), 5.17 (br d, 1H, J = 10.7 Hz), 4.68 (br dd,
1H, J= 12.5, 5.4 Hz), 4.54 (br d, 1H, J= 12.5 Hz), 3.81 (s, 3H), 3.30 (s, 6H), 3.12
(d, IH, J= 1.8 Hz), 2.77 (m, 1H), 2.22 (dd, 1H, J= 14.2, 6.4 Hz), 1.99 (dd, IH, J =
14.2, 3.4 Hz), 1.51 (d, 3H, J= 7.3 Hz); FTIR (neat), cm~1 : 3287 (m, C=CH), 2280
(w, C=C), 2094 (w, CaC), 1730 (sh, C=0), 1710 (vs, NC=0); HRMS (FAB) m/z
calcd for C2 7H2 7 NO 7Na (M+Na)f 500.1686, found: 500.1676.
Allyl (6S, 6aS, 7S, 10R, IOaS, 14Z)-7,8,9,10-Tetrahydro-10-hydroxy-2,9,9-
trimethoxy-7-methyl -6a, 1 Oa-epoxy-6,10-[3]hexene[1,5]diynophenanthridine-
5(6H)-carboxylate (52)
A suspension of anhydrous cerium(lil) chloride (520 mg, 2.11 mmol,
4.87 equiv) and allyl (6S, 6aS, 7S, 1OaR)-6-[(Z)-3-hexene-1,5-diynyl]-7,8,9,10-
tetrahydro-2,9,9-trimethoxy-7-methyl-1 0-oxo-6a, 1 Oa-epoxyphenanthridine-
5(6H)-carboxylate (51, 207 mg, 0.433 mmol, 1 equiv) in tetrahydrofuran (5 mL)
was stirred at 23 OC for 30 min. The suspension was then cooled to -78 oC
and a solution of lithium NN-bis(trimethylsilyl)amide in tetrahydrofuran (0.46 M
1.0 mL, 0.46 mmol, 1.1 equiv) was added, causing the white suspension to
turn initially light brown, then darkening to a deep gray-brown. The reaction
flask was transferred to an ice bath and saturated aqueous ammonium
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chloride solution (100 mL) was added to the reaction solution. The biphasic
mixture was extracted with ethyl acetate (3 x 50 mL). The combined organic
layers were dried over sodium sulfate and were concentrated. The residue
was purified by flash column chromatography (7% ethyl acetate in
dichloromethane) to afford ally (6S, 6aS, 7S, 10R, 10aS, 14Z)-7,8,9,10-
tetrahydro-1 0-hydroxy-2,9,9-trimethoxy-7-methyl-6a, 1 Oa-epoxy-6,10-[3]hexene-
[1,5]diynophenanthridine-5(6H)-carboxylate (52) as a colorless oil (150 mg,
72%): R, 0.28, 40% ethyl acetate-hexanes; 1H NMR (400 MHz, C6 D6 ) 8 8.65 (d,
1H, J = 2.9 Hz), 7.32 (br s, 1H), 6.72 (dd, 1H, J = 8.8, 2.9 Hz), 6.24 (br s, 1H),
5.65 (m, 1H), 5.13 (d, 1H, J= 10.0 Hz), 5.10 (br d, 1H, J= 16.3 Hz), 5.04 (dd, IH,
J = 10.0, 1.5 Hz), 4.91 (br d, I H, J = 10.5 Hz), 4.55 (m, 2H), 3.48 (s, 1 H), 3.43 (s,
3H), 3.38 (s, 3H), 2.96 (s, 3H), 2.42 (m, 1 H), 2.18 (t, 1 H, J = 13.9 Hz), 1.88 (dd,
1H, J= 14.5, 5.7 Hz), 1.20 (d, 3H, J = 7.3 Hz); FTIR (neat), cm-': 3448 (br, OH),
2278 (w, C-C), 2197 (w, C-C), 1704 (vs, C=O); HRMS (FAB) m/z calcd for
C2 7H2 7 NO 7Na (M+Na)f 500.1686, found: 500.1688.
Allyl (6S, 6aS, 7S, 10R, 10aS, 14Z)-2-Methoxy-7,8,9,10-tetrahydro-10-
hydroxy-7-nethyl-9-oxo-6a,10a-epoxy-6,10-[3]hexene[1,5]diynophenanthri-
dine-5(6H)-carboxylate (53)
A solution of allyl (6S, 6aS, 7S, 10R, 1OaS, 14Z)-7,8,9,10-tetrahydro-10-
hydroxy-2,9,9-trimethoxy-7-methyl-6a, I Oa-epoxy-6,10[3]hexene[1,5]diynophen-
anthridine-5(6H)-carboxylate (52, 75 mg, 0.16 mmol, 1 equiv) in acetone (20
mL) was stirred with p-toluenesulfonic acid monohydrate (48 mg, 0.25 mmol,
1.6 equiv) at 23 oC for 9 h. The reaction solution was partitioned between
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saturated aqueous sodium bicarbonate solution (100 mL) and ethyl acetate
(50 mL). The aqueous layer was separated and extracted further with ethyl
acetate (2 x 50 mL). The combined organic layers were dried over sodium
sulfate and were concentrated. The residue was purified by flash column
chromatography (30% ethyl acetate in hexanes) to afford allyl (6S, 6aS, 7S,
1 OR, 10aS, 1 4Z)-2-methoxy-7,8,9, I 0-tetrahydro-1 O-hydroxy-7-methyl-9-oxo-
6a, 1 Oa-epoxy-6,1 0-[3]hexene[1 , 5]diynophenanthridine-5(6H)-carboxylate (53)
as a colorless oil (49 mg, 72%): Rf 0.36, 40% ethyl acetate-hexanes; 'H NMR
(300 MHz, CD 6 ) 8 8.58 (d, 1 H, J= 2.9 Hz), 7.32 (br s, 1 H), 6.71 (dd, 1 H, J = 8.8,
2.9 Hz), 6.13 (br s, 1 H), 5.63 (m, 1 H), 5.09 (br d, 1 H, J = 16.3 Hz), 5.09 (d, I H, J
= 10.1 Hz), 5.03 (dd, 1 H, J = 10.1, 1.5 Hz), 4.94 (s, 1 H), 4.92 (br d, 1 H, J = 10.5
Hz), 4.55 (ddt, 1H, J= 13.7, 5.3, 1.5 Hz), 4.47 (ddt, 1H, J= 13.7, 5.3, 1.5 Hz), 3.37
(s, 3H), 2.51 (m, 1H), 2.41 (dd, 1H, J= 15.1, 6.8 Hz), 2.34 (dd, 1H, J = 15.1, 8.8
Hz), 1.02 (d, 3H, J = 7.2 Hz); FTIR (neat), cm-1 : 3416 (br, OH), 2275 (w, C-C),
2182 (w, C=C), 1732 (sh, C=O), 1704 (vs, NC=O); HRMS (FAB) m/z calcd for
C2 5 H2 1NO 6Na (M+Na)+ 454.1267, found: 454.1260.
Allyl (6S, 6aS, 7S, 1OS, 1 OaS, 14Z)-2-Methoxy-7,1 0-dihydro-9,1 0-dihydroxy-7-
methyl-6a,1 Oa-epoxy-6,10-[3]hexene[1,5]diynophenanthridine-5(6H)-car-
boxylate, Cyclic Thiocarbonate (54)
Thiocarbonyldiimidazole (109 mg, 612 jmol, 8.05 equiv) and
4-dimethylaminopyridine (35.0 mg, 286 jumol, 3.70 equiv) were added
sequentially to a solution of allyl (6S, 6aS, 7S, 10R, 1OaS, 14Z)-2-methoxy-
7,8,9,1 0-tetrahydro-1 0-hydroxy-7-methyl-9-oxo-6a, 1 Oa-epoxy-6,10-[3]hexene-
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[1,5]diynophenanthridine-5(6H)-carboxylate (53, 33 mg, 76 4mol, 1 equiv) in
dichloromethane (2.5 mL) at 23 OC. The reaction mixture was heated to a
gentle reflux for 6 h. The reaction solution was then cooled to 23 OC and
volatiles were removed in vacuo. The residue was purified by flash column
chromatography (dichloromethane initially, then 2% ethyl acetate in
dichloromethane) to afford allyl (6S, 6aS, 7S, 1OS, 10aS, 14Z)-2-methoxy-7,10-
dihydro-9,1 0-dihydroxy-7-methyl-6a, 1 Oa-epoxy-6,10-[3]hexene[1,5]diynophen-
anthridine-5(6H)-carboxylate, cyclic thiocarbonate (54) as a colorless oil (33
mg, 92%): Rf 0.37, 40% ethyl acetate-hexanes; 1H NMR (400 MHz, C6D6) 8 7.85
(d, 1 H, J = 2.7 Hz), 7.26 (br s, 1 H), 6.66 (dd, 1 H, J = 8.8, 2.7 Hz), 6.06 (br s, 1 H),
5.66 (m, 1 H), 5.10 (br d, 1 H, J = 17.3 Hz), 4.95 (dd, 1 H, J = 10.0, 1.5 Hz), 4.95 (br
d, 1 H, J = 10.5 Hz), 4.91 (d, I H, J = 10.0 Hz), 4.81 (d, 1 H, J = 6.8 Hz), 4.52 (m,
2H), 3.25 (s, 3H), 2.72 (p, 1 H, J = 7.3 Hz), 0.93 (d, 3H, J = 7.3 Hz); FTIR (neat),
cm~1: 2280 (w, C=C), 2195 (w, C-C), 1722 (sh, C=S), 1714 (vs, C=O); HRMS
(FAB) m/z calcd for C2 6H19NO 6SNa (M+Na)+ 496.0832, found: 496.0824.
Allyl (6S, 6aS, 7S, 10S, 10aR, 14Z)-2-Methoxy-7,8,9,10-tetrahydro-7-methyl-9-
oxo-6a,10a..epoxy-6,10-[3]hexene[1,5]diynophenanthridine-5(6H)-carboxyl-
ate (55)
Tributyltin hydride (16 gL, 59 jmol, 1.7 equiv) and azobis(isobutyronitrile)
(5.0 mg, 30 jimol, 0.80 equiv) were added sequentially to a solution of allyl (6S,
6aS, 7S, 10S, 10aS, 14Z)-2-methoxy-7,1 O-dihydro-9,1 O-dihydroxy-7-methyl-
6a,10a-epoxy-6,10-[3]hexene[1,5]diynophenanthridine-5(6H)-carboxylate, cyclic
thiocarbonate (54, 17 mg, 36 gmol, 1 equiv) in toluene (2 mL). The resulting
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solution was then warmed for 10 min in an oil bath preheated to 70 *C. The
product solution was allowed to cool to 23 OC, and the volatiles were removed
in vacuo. The residue was purified by flash column chromatography (2% ethyl
acetate in dichloromethane) to furnish allyl (6S, 6aS, 7S, 10S, 1OaR, 14Z)-2-
methoxy-7,8,9,1 0-tetrahydro-7-methyl-9-oxo-6a, 1 Oa-epoxy-6,10-[3]hexene[1,5]-
diynophenanthridine-5(6H)-carboxylate (55) as a colorless oil (9 mg, 60%): R,
0.39, 40% ethyl acetate-hexanes; 1H NMR (400 MHz, C6D6 ) 8 7.31 (br s, 1H),
6.90 (d, 1 H, J = 2.7 Hz), 6.60 (dd, I H, J = 8.8, 2.7 Hz), 6.04 (br s, I H), 5.67 (m,
IH), 5.11 (br d, IH, J= 17.7 Hz), 5.05 (dd, IH, J= 10.0, 1.5 Hz), 5.02 (dd, IH, J =
10.0, 1.5 Hz:), 4.95 (br d, 1 H, J = 10.3 Hz), 4.54, (m, 2H), 4.13 (br s, 1 H), 3.20 (s,
3H), 2.62 (dd, 1H, J= 16.6, 8.1 Hz), 2.53 (m, 1H), 2.15 (dd, 1H, J= 16.6, 2.7 Hz),
1.15 (d, 3H, J= 7.3 Hz); FTIR (neat), cm-': 2280 (w, C=C), 2194 (w, C=C), 1714
(vs, C=O); HRMS (FAB) m/z calcd for C25H 21NO 5Na (M+Na)+ 438.1317, found:
438.1315.
5-Allyl Methyl (6S, 6aS, 7S, 10R, lOaR, 14Z)-7,10-Dihydro-2,9-dimethoxy-7-
methyl-6a, Oa-epoxy-6,10-[3]hexene[1,5]diynophenanthridine-5,8(6H)-dicar-
boxylate (59)
Triethylamine (70.0 jiL, 0.502 gmol, 11.7 equiv) was added to a solution
of allyl (6S, 6aS, 7S, 10S, 1OaR, 14Z)-2-methoxy-7,8,9,10-tetrahydro-7-methyl-9-
oxo-6a,10a-epoxy-6,10-[3]hexene[1,5]diynophenanthridine-5(6H)-carboxylate
(55, 18 mg, 43 pmol, 1 equiv) and magnesium bromide (44.0 mg, 240 pmol,
5.58 equiv) in acetonitrile (2 mL) at 23 oC under an atmosphere of carbon
dioxide. After stirring for 15 min at 23 0C, the cloudy, light yellow mixture was
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diluted with water (15 mL) and was acidified to pH 2 with an aqueous
hydrochloric acid solution (0.1 N, ca. 5 mL). The resulting aqueous solution
was extracted with ethyl acetate (2 x 20 mL), and the combined organic layers
were dried over sodium sulfate and were concentrated affording a residue of 5-
allyl hydrogen (6S, 6aS, 7S, 10R, 1OaR, 14Z)-7,10-dihydro-9-hydroxy-2-
methoxy-7-methyl-6a,10a-epoxy-6,10-[3]hexene[1,5]diynophenanthridine-
5,8(6H)-dicarboxylate (57) as a light yellow oil (18 mg): R, 0.18, ethyl acetate;
'H NMR (400 MHz, CD 6) 8 13.07 (s, 1H), 7.29 (br s, 1H), 6.95 (br s, 1H), 6.62
(dd, 1H, J= 8.8, 2.7 Hz), 6.10 (br s, 1H), 5.69 (m, 1H), 5.12 ( br d, 1H, J = 17.0
Hz), 5.10 (dd, 1H, J= 11.2, 1.2 Hz), 5.06 (dd, 1H, J= 11.2, 1.2 Hz), 4.95 (br d,
1 H, J = 9.8 Hz), 4.62 (m, 2H), 4.24 (br s, 1 H), 3.97 (br m, 1 H), 3.21 (s, 3H), 1.55
(br d, 3H, J = 7.3 Hz); FTIR (neat), cm-1: 3700-2370 (br m, COOH), 2280 (w,
C-C), 2195 (w, C=C), 1770-1560 (br vs, C=0).
To a solution of the crude product from above in methanol (2 mL) at 23
0C was added dropwise a solution of diazomethane in ether (ca. 0.3 M) until the
point when the reaction solution maintained a yellow color and gas evolution
ceased. The reaction mixture was allowed to stir open to the atmosphere for 1
h (the solution became colorless over this period of time), then was
concentrated and the residue was purified by flash column chromatography
(40% ethyl acetate in hexanes) to provide 5-allyl methyl (6S, 6aS, 7S, 10R,
1OaR, 14Z)-7,10-dihydro-2,9-dimethoxy-7-methyl-6a,10a-epoxy-6,10-[3]hexene-
[1,5]diynophenanthridine-5,8(6H)-dicarboxylate (59) as a colorless oil (6 mg,
30%): R,.0.30, 40% ethyl acetate-hexanes; 'H NMR (300 MHz, CD 6 ) 8 7.37 (br
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s, 1H), 7.13 (d, 1H, J = 2.8 Hz), 6.59 (dd, 1H, J = 8.8, 2.8 Hz), 6.19 (br s, 1H),
5.68 (m, 1H), 5.12 (dd, 1H, J = 10.0, 1.6 Hz), 5.12 (br d, 1H, J = 17.2 Hz), 5.06
(dd, 1H, J= 10.0, 1.6 Hz), 4.94 (br d, IH, J = 10.5 Hz), 4.55 (m, 2H), 4.09 (br s,
1 H), 3.98 (br q, 1 H, J = 7.0 Hz), 3.49 (s, 3H), 3.43 (s, 3H), 3.25 (s, 3H), 1.47 (br
d, 3H, J = 7.2 Hz); FTIR (neat), cm-': 2192 (w, C=C), 1714 (vs, C=0); HRMS
(FAB) m/z calcd for C2 8H2 5 NO 7 (M)' 487.1631, found: 487.1626.
Allyl (6S, 6aS, 7S, 10R, 10aS, 14Z)-7,8,9,10-Tetrahydro-2,10-dihydroxy-9,9-
dimethoxy-7-methyl-6a,1 Oa-epoxy-6,10-[3]hexene[1,5]diynophenanthridine-
5(6H)-carboxylate
Triethylamine trihydrofluoride (0.50 mL, 3.1 mmol, 4.5 equiv) was added
to a solution of allyl (6S, 6aS, 7S, 10R, 1OaS, 14Z)-2-(tert-butyldimethylsiloxy)-
7,8,9,1 0-tetrahydro-1 0-hydroxy-9,9-dimethoxy-7-methyl-6a, 1 Oa-epoxy-6,10-[3]-
hexene[1, 5]diynophenanthrid ine-5(6H)-carboxylate (67, 390 mg, 0.675 mmol, 1
equiv) in acetonitrile (10 mL) in a polypropylene test tube at 23 oC. The reaction
mixture was stirred at 23 OC for 3 h, then was partitioned between saturated
aqueous sodium bicarbonate solution (75 mL) and ethyl acetate (40 mL). The
aqueous layer was separated and extracted with a 40-mL portion of ethyl
acetate. The combined organic layers were dried over sodium sulfate and
were concentrated. The residue was purified by flash column chromatography
(20% ethyl acetate in dichloromethane) to yield allyl (6S, 6aS, 7S, 10R, 1OaS,
14Z)-7,8,9,1 0-tetrahydro-2,1 0-dihydroxy-9,9-dimethoxy-7-methyl-6a, 1 0a-epoxy-
6,1 0-[3]hexene[1,5]diynophenanthridine-5(6H) 
-carboxylate as a light yellow oil
(313 mg, 100%): R, 0.17, 40% ethyl acetate-hexanes; 1H NMR (400 MHz,
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CDCIA), 8 8.01 (d, IH, J= 2.9 Hz), 7.13 (br s, 1H), 6.75 (dd, 1H, J = 8.8, 2.9 Hz),
5.85 (m, 1H), 5.79 (d, 1H, J = 10.0 Hz), 5.71 (br s, 1H), 5.66 (dd, 1H, J = 10.0,
1.7 Hz), 5.25 (br d, 1H, J = 17.5 Hz), 5.18 (br d, 1H, J= 10.5 Hz), 4.99 (s, 1H),
4.69 (br dd, I H, J = 13.2, 4.8 Hz), 4.56 (br m, 1 H), 3.60 (s, 1 H), 3.51 (s, 3H), 3.36
(s, 3H), 2.50 (m, 1H), 2.07 (m, 2H), 1.41 (d, 3H, J = 7.3 Hz); '3C NMR (100 MHz,
CDCl3) 8 155.1, 152.5, 132.0, 130.4, 128.6, 127.1, 124.0, 122.5, 118.0, 117.7,
114.6, 100.6, 100.0, 94.6, 93.9, 89.8, 77.7, 73.6, 67.1, 66.9, 51.6, 50.0, 47.1,
36.7, 30.6, 17.3; FTIR (neat), cm-1 : 3418 (br, OH), 2252 (w, C=C), 2192 (w,
C=C), 1694 (vs, C=O); [cjD (CHCI 3), +684.0, C = 0.70; HRMS (FAB) m/z calcd
for C26H25NO 7 (M)+ 463.1631, found: 463.1636; Elem. anal. Calcd for
C26H 25NO7: C, 67.38; H, 5.44; N, 3.02. Found: C, 65.76; H, 5.74; N, 2.70.
Allyl (4aS, 6S, 6aS, 7S, 10R, 1OaS, 14Z)-2,4a,7,8,9,10-Hexahydro-IO-hydroxy-
4a,9,9-trimethoxy-7-methyl-2-oxo-6a,I Oa-epoxy-6,10-[3]hexene[1,5]diyno-
phenanthridine-5(6H)-carboxylate
lodosobenzene (130 mg, 0.591 mmol, 1.14 equiv) was added to a
solution of allyl (6S, 6aS, 7S, 10R, 10aS, 14Z)-7,8,9,10-tetrahydro-2,10-di-
hydroxy-9,9-dimethoxy-7-methyl-6a, 1 Oa-epoxy-6,10-[3]hexene[1,5]diynophenan-
thridine-5(6H)-carboxylate (240 mg, 0.518 mmol, 1 equiv) in methanol (30 mL)
at 23 OC. The reaction mixture was stirred at 23 OC for 10 min. The product
solution was then poured into a separatory funnel containing a 1:1 mixture of
saturated aqueous sodium bicarbonate solution and saturated aqueous
sodium thiosulfate solution (70 mL), saturated aqueous sodium chloride
solution (50 mL), and ethyl acetate (50 mL). The aqueous layer was separated
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and extracted with a 50-mL portion of ethyl acetate. The combined organic
layers were dried over sodium sulfate and were concentrated. The residue
was purified by flash column chromatography (40% hexanes in ethyl acetate) to
give allyl (4aS, 6S, 6aS, 7S, 10R, 10aS, 14Z)-2,4a,7,8,9,10-hexahydro-10-
hydroxy-4a,9,9-trimethoxy-7-methyl-2-oxo-6a,1Oa-epoxy-6,10-[3]hexene[1,5]di-
ynophenanthridine-5(6H)-carboxylate as a light yellow oil (228 mg, 89%): R,
0.28, 60% ethyl acetate-hexanes; 1H NMR (400 MHz, CDCl3) 8 7.70 (br s, 1H),
7.27 (d, 1H, J= 1.7 Hz), 6.31 (dd, 1H, J= 10.2, 2.0 Hz), 5.95 (m, 1H), 5.90 (d, 1H,
J= 10.0 Hz), 5.81 (br s, IH), 5.77 (dd, 1H, J = 10.0, 1.2 Hz), 5.36 (br d, IH, J =
16.5 Hz), 5.26 (dd, 1H, J= 10.5, 1.2 Hz), 4.69 (br s, 2H), 3.43 (s, 3H), 3.37 (s,
3H), 3.36 (s, 1H), 3.10 (s, 3H), 2.62 (m, IH), 2.21 (dd, 1H, J= 14.6, 7.1 Hz), 1.96
(dd, 1H, J= 14.6, 11.2 Hz), 1.30 (d, 3H, J = 7.3 Hz); 13C NMR (100 MHz, C6D6) 5
184.0, 155.9, 145.6, 143.5, 138.8, 132.6, 128.7, 124.5, 122.7, 117.5, 101.1,
100.2, 96.9, 93.3, 89.2, 83.5, 76.3, 68.6, 67.0, 66.8, 51.0, 50.5, 50.2, 47.4, 37.9,
30.6, 17.2; FTIR (neat), cm-': 3448 (br, OH), 2249 (w, C=C), 1701 (vs, NC=O),
1672 (s, C=O); [a]Dr (CHCI 3), +828.5, C = 0.20; HRMS (FAB) m/z calcd for
C2 7H28NO 8 (MH)" 494.1815, found: 494.1832; Elem. anal. Calcd for C27H2 7 NO8 :
C, 65.71; H, 5.51; N, 2.84. Found: C, 65.98; H, 5.79; N, 2.96.
(6S, 6aS, TS, IOR, IOaS, 14Z)-7,8,9,10-Tetrahydro-10-hydroxy-9,9-dimethoxy-
7-methyl-6a, Oa-epoxy-6,10-[3]hexene[1,5]-diynophenanthridin-2(6H)-one
(79)
Tributyltin hydride (130 gL, 0.483 mmol, 1.04 equiv) was injected into a
deoxygenated suspension of allyl (4aS, 6S, 6aS, 7S, 10R, lOaS, 14Z)-
22
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2,4a,7,8,9,1 0-hexahydro-1 0-hydroxy-4a,9,9-trimethoxy-7-methyl-2-oxo-6a, 1 Oa-
epoxy-6,1 0-[3]hexene[1,5]diynophenanthridine-5(6H)-carboxylate (228 mg,
0.463 mmol, 1 equiv), bis(triphenylphosphine)palladium(II) chloride (153 mg,
0.218 mmol, 0.471 equiv) and water (100 gL) in dichloromethane (20 mL) at 23
OC. The reaction mixture was stirred for 5 min at 23 oC, then was concentrated
to a volume of ca. 1 mL. The resulting slurry was loaded directly onto a column
of flash-grade silica gel prepared with 20% ethyl acetate in hexanes. The
product was eluted with 20% ethyl acetate in hexanes initially, grading to 60%
ethyl acetate in hexanes, to provide, after concentration of appropriate fractions,
(6S, 6aS, 7S, 10R, 10aS, 14Z)-7,8,9,10-tetrahydro-10-hydroxy-9,9-dimethoxy-7-
methyl-6a, 1 Oa-epoxy-6,1 0-[3]hexene[1, 5]-diynophenanthrid in-2(6H)-one (79) as
a yellow oil (143 mg, 82%): R, 0.18, 40% ethyl acetate-hexanes; 1H NMR (400
MHz, CD 6) 8 8.07 (d, 1 H, J = 2.2 Hz), 6.86 (d, 1 H, J = 10.0 Hz), 6.09 (dd, 1 H, J =
10.0, 2.20 Hz), 5.28 (d, 1 H J = 1.2 Hz), 5.17 (dd, 1 H, J = 10.0, 1.5 Hz), 5.14 (d,
1 H, J = 10.0 Hz), 3.36 (s, 1 H), 3.32 (s, 3H), 2.91 (s, 3H), 2.22 (m, 1 H), 2.08 (t,
1H, J = 13.9), 1.80 (dd, 1H, J = 14.5, 5.0 Hz), 0.96 (d, 3H, J = 7.3 Hz); FTIR
(neat), cm-1 : 3416 (br, OH), 2280 (w, C=C), 2187 (w, C=C), 1646 (s, C=O).
Allyl (4aS, 6S, 6aS, 7S, 10R, lOaS, 14Z)-2,4a,7,8,9,10-Hexahydro-10-
trimethylsiloxy-4a,9,9-trimethoxy-7-methyl-2-oxo-6a,10a-epoxy-6,10-[3]hex-
ene[1,5]diynophenanthridine-5(6H)-carboxylate
A solution of allyl (4aS, 6S, 6aS, 7S, 10R, 10aS, 14Z)-2,4a,7,8,9,10-
hexahydro-1 0-hydroxy-4a,9,9-trimethoxy-7-methyl-2-oxo-6a, 1 Oa-epoxy-6,10-[3]-
hexene[1,5]diynophenanthridine-5(6H)-carboxylate (119 mg, 0.242 mmol, 1
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equiv) in tetrahydrofuran (5 mL) at -78 oC was treated sequentially with
triethylamine (340 laL, 2.44 mmol, 10.1 equiv) and trimethylsilyl
trifluoromethanesulfonate (240 gL, 1.22 mmol, 5.04 equiv). The reaction vessel
was then transferred to an ice bath and was held at 0 oC for 10 min. The
product solution was partitioned between saturated aqueous sodium
bicarbonate solution (50 mL) and ethyl acetate (40 mL). The aqueous layer
was separated and extracted with ethyl acetate (40 mL). The combined organic
layers were dried over sodium sulfate and were concentrated. The residue
was purified by flash column chromatography (40% ethyl acetate in hexanes) to
provide allyl (4aS, 6S, 6aS, 7S, 10R, 10aS, 14Z)-2,4a,7,8,9,10-hexahydro-10-
trimethyls iloxy-4a, 9,9-trimethoxy-7-methyl-2-oxo-6a, 1 Oa-epoxy-6,1 0-[3]hexene-
[1,5]diynophenanthridine-5(6H)-carboxylate as a light yellow oil (118 mg, 87%):
Rf 0.36, 40% ethyl acetate-hexanes; 1H NMR (400 MHz, CDCl 3) 8 7.74 (br s,
1H), 7.15 (d, 1H, J= 2.07 Hz), 6.32 (dd, 1H, J= 10.5, 2.0 Hz), 5.95 (m, 1H), 5.89
(d, 1H, J = 10.0 Hz), 5.81 (br s, 1H), 5.74 (dd, 1H, J = 10.0, 1.5 Hz), 5.36 (br d,
1H, J = 16.5 Hz), 5.26 (dd, 1H, J = 10.5, 1.2 Hz), 4.68 (br m, 2H), 3.39 (s, 3H),
3.35 (s, 3H), 3.12 (br s, 3H), 2.67 (m, 1 H), 2.25 (dd, 1 H, J = 14.2, 7.1 Hz), 1.98
(dd, 1H, J= 14.2, 11.2 Hz), 1.27 (d, 3H, J = 7.3 Hz), 0.26 (s, 9H); 13C NMR (100
MHz, C6 D6 ) 8 184.1, 156.6, 145.5, 143.3, 137.8, 131.9, 128.2, 124.6, 122.6,
118.4, 101.4, 100.6, 96.1, 92.1, 89.0, 83.0, 78.0, 68.6, 67.2, 67.0, 51.6, 51.2,
49.4, 47.0, 38.2, 30.2, 17.3, 2.1; FTIR (neat), cm-1 : 1706 (vs, NC=O), 1671 (s,
C=O); [a]D2 (CHCI 3), +642.2, C = 0.54; HRMS (FAB) m/z calcd for C30H 35NO8Si
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(M)' 565.2132, found: 565.2138; Elem. anal. Calcd for C30H35NO 8 Si: C, 63.70;
H, 6.24; N, 2.48. Found: C, 63.53; H, 6.24; N, 2.30.
(6S, 6aS, 7S, IOR, IOaR, 14Z)-7,8,9,10-Tetrahydro-9,9-dimethoxy-7-methyl-
10-(trimethylsiloxy)-6a,10a-epoxy-6,10-[3]hexene[1,5]diynophenanthridin-
2(6H)-one (78)
Tributyltin hydride (156 gL, 580 gmol, 1.10 equiv) was added to a
deoxygenated suspension of allyl (4aS, 6S, 6aS, 7S, 10R, 10aS, 14Z)-
2,4a,7,8,9,1 0-hexahydro-1 0-trimethylsiloxy-4a,9,9-trimethoxy-7-methyl-2-oxo-
6a, 1 Oa-epoxy-6,1 0-[3]hexene[1,5]diynophenanthridine-5(6H)-carboxylate (298
mg, 526 gmol, 1 equiv), bis(triphenylphosphine)palladium(ll) chloride (185 mg,
263 limol, 0.500 equiv), and water (150 gL) in dichloromethane (15 mL) at 23
OC. The reaction mixture was stirred for 10 min at 23 OC, then was
concentrated to a volume of ca. 1 mL. The resulting slurry was loaded directly
onto a column of flash-grade silica gel prepared with 25% ethyl acetate in
hexanes. The product was eluted with 25% ethyl acetate in hexanes initially,
grading to 30% ethyl acetate in hexanes, to provide, after concentration of
appropriate fractions, (6S, 6aS, 7S, 10R, lOaR, 14Z)-7,8,9,10-tetrahydro-9,9-
dimethoxy-7-methyl-1 0-(trimethyl-siloxy)-6a, 1 Oa-epoxy-6,10-[3]hexene[1,5]-
diynophenanthridin-2(6H)-one (78) as a yellow foam (224 mg, 95%): Rf 0.38,
40% ethyl acetate-hexanes; 1H NMR (400 MHz, CD 6 ) 8 7.91 (d, 1H, J = 2.2 Hz),
6.85 (d, 1 H, J= 9.6 Hz), 6.06 (dd, I H, J = 10.1, 2.2 Hz), 527 (d, 1 H J = 1.5 Hz),
5.19 (d, 1H, J= 10.0 Hz), 5.16 (dd, 1H, J= 10.0, 1.2 Hz), 3.33 (s, 3H), 3.06 (s,
3H), 2.30 (m, 1H), 2.09 (app t, 1H, J= 13.6 Hz), 1.85 (dd, 1H, J= 14.0, 5.2 Hz),
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0.96 (d, 3H, J = 7.5 Hz), 0.42 (s, 9H); 13C NMR (100 MHz, C6 D6) 5 186.6, 162.9,
141.6, 138.8, 131.4, 130.9, 123.5, 122.9, 101.8, 101.5, 98.3, 91.3, 87.0, 79.7,
67.0, 65.5, 52.1, 51.3, 49.8, 38.0, 31.1, 16.3, 2.7; FTIR (neat), cm-1 : 2279 (w,
CmC), 2189 (w, CEC), 1649 (s, C=O); [MD' (CHC 3), +1242.8, C = 0.29; HRMS
(FAB) m/z calcd for C2H2NO5 Si (MH)+ 450.1737, found: 450.1756.
5-Allyl Methyl (6S, 6aS, 7S, 10R, lOaR, 14Z)-7,10-Dihydro-2-hydroxy-9-
methoxy-7-methyl-6a,10a-epoxy-6,10-[3]hexene[1,5]diynophenanthridine-
5,8(6H)-dicarboxylate
Triethylamine trihydrofluoride (0.20 mL, 1.2 mmol, 10 equiv) was added
to a solution of 5-allyl methyl (6S, 6aS, 7S, 10R, lOaR, 14Z)-2-(tert-
butyldimethylsiloxy)-7,1 0-dihydro-9-methoxy-7-methyl-6a, 1 Oa-epoxy-6,10-[3]-
hexene[1 , 5]diynophenanthridine-5,8(6H)-dicarboxylate (74, 70 mg, 0.12 mmol,
1 equiv) in acetonitrile (8 mL) in a polypropylene test tube at 23 oC. The
reaction mixture was stirred at 23 OC for 2 h, then was partitioned between
saturated aqueous sodium bicarbonate solution (70 mL) and ethyl acetate (30
mL). The aqueous layer was separated and extracted with ethyl acetate (30
mL). The combined organic layers were dried over sodium sulfate and were
concentrated. The residue was purified by flash column chromatography (40%
ethyl acetate in hexanes initially, then 60% ethyl acetate in hexanes) to afford 5-
allyl methyl (6S, 6aS, 7S, 10R, 1OaR, 14Z)-7,10-dihydro-2-hydroxy-9-methoxy-7-
methyl-6a, 1 Da-epoxy-6,1 0-[3]hexene[ 1, 5]diynophenanthrid ine-5,8(6H)-dicar-
boxylate as a light yellow oil (56 mg, 100%): Rf 0.21, 40% ethyl acetate-
hexanes; 'H NMR (400 MHz, C6D, 70 oC) 8 7.32 (br d, 1 H, J = 8.6 Hz), 6.83 (d,
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IH, J= 2.7 Hz), 6.55 (dd, 1H, J= 8.8, 2.7 Hz), 5.92 (br s, 1H), 5.71 (m, 1H), 5.21
(dd, 1H, J = 10.0, 1.0 Hz), 5.14 (dd, IH, J = 10.0, 1.0 Hz), 5.13 (d, 1H, J = 16.4
Hz), 4.97 (d, 1 H, J = 10.5 Hz), 4.56 (dd, 1 H, J = 13.4, 5.6 Hz), 4.49 (dd, 1 H, J =
13.4, 5.4 Hz), 4.20 (br s, 1H), 3.93 (q, 1H, J= 7.3 Hz), 3.64 (s, 3H), 3.51 (s, 3H),
1.49 (d, 3H, J= 7.3 Hz); 13C NMR (100 MHz, CDCI3, 40 oC) 8 166.8, 155.8, 155.1,
153.7, 132.0, 129.1, 128.4, 127.6, 124.3, 123.0, 118.4, 117.0, 113.7, 112.7,
98.3, 95.0, 91.3, 89.5, 70.6, 67.2, 63.8, 57.5, 51.6, 47.9, 36.1, 32.7, 18.5; FTIR
(neat), cm-1 : 3375 (br, OH), 2280 (w, C=-C), 2195 (w, C=C), 1763-1577 (br s,
C=O, NC=O); []D (CHC 3 ), +829.1, C = 0.19; HRMS (FAB) m/z calcd for
C2 7 H2 3 NO 7 (M)+ 473.1475, found: 473.1467.
5-Allyl Methyl (4aS, 6S, 6aS, 7S, 10R, lOaR, 14Z)-2,4a,7,10-Tetrahydro-4a,9-
dimethoxy-7-methyl-2-oxo-6a, Oa-epoxy-6,10-[3]hexene[1,5]diynophenan-
thridine-5,8 (6H)-dicarboxylate
lodosobenzene (96 mg, 0.44 mmol, 1.2 equiv) was added to a solution
of 5-allyl methyl (6S, 6aS, 7S, 10R, lOaR, 14Z)-7,10-dihydro-2-hydroxy-9-
methoxy-7-methyl-6a, 1 Oa-epoxy-6,1 0-[3]hexene[ 1, 5]diynophenanthridine-
5,8(6H)-dicarboxylate (172 mg, 0.363 mmol, 1 equiv) in methanol (15 mL) at 23
OC. The reaction mixture was stirred at 23 OC for 30 min. The product solution
was then partitioned between a 1:1 mixture of saturated aqueous sodium
bicarbonate solution and saturated aqueous sodium thiosulfate solution (40
mL) and ethyl acetate (30 mL). The aqueous layer was separated and
extracted further with ethyl acetate (2 x 30 mL). The combined organic layers
were dried over sodium sulfate and were concentrated. The residue was
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purified by flash column chromatography (50% ethyl acetate in hexanes initially,
then 60% ethyl acetate in hexanes) to give 5-allyl methyl (4aS, 6S, 6aS, 7S,
1OR, 1OaR, 14Z)-2,4a,7,10-tetrahydro-4a,9-dimethoxy-7-methyl-2-oxo-6a,10a-
epoxy-6,1 0-[3]hexene[1,5]diynophenanthridine-5,8(6H)-dicarboxylate as a light
yellow oil (146 mg, 80%): Rf 0.41, 20% ethyl acetate-dichloromethane; 'H NMR
(400 MHz, C6 D6 , 60 oC) 8 7.51 (br s, 1 H), 6.71 (d, 1 H, J = 1.7 Hz), 6.20 (dd, 1 H, J
= 10.5, 2.0 Hz), 5.98 (br s, 1H), 5.72 (m, 1H), 5.21 (dd, 1H, J= 10.0, 1.2 Hz), 5.19
(dd, 1H, J= 10.0, 1.2 Hz), 5.18 (dd, 1H, J= 17.1, 1.2 Hz), 5.00 (dd, 1H, J= 10.5,
1.2 Hz), 4.62 (dd, 1 H, J = 13.4, 5.6 Hz), 4.46 (dd, 1 H, J = 13.4, 5.6 Hz), 3.76 (q,
1 H, J = 7.3 Hz), 3.64 (s, 1 H), 3.46 (s, 3H), 3.45 (s, 3H), 2.99 (s, 3H), 1.35 (d, 3H,
J= 7.3 Hz); 13C NMR (125 MHz, CD,, 65 oC) 8183.4,166.3,155.2, 146.8, 143.3,
134.0, 132.5, 128.8, 128.5, 124.3, 123.1, 117.9, 115.2, 99.1, 96.7, 90.4, 90.1,
83.2, 67.1, 64.9, 64.7, 58.7, 51.3 (2C), 47.4, 37.0, 33.9, 17.7; FTIR (neat), cm-1:
1710 (s, NC=O), 1673 (s, C=0); [cc]D2 (CHCl 3 ), +876.8, C = 0.25; HRMS (FAB)
m/z calcd for C2 8H2 6NO8 (MH)+ 504.1658, found: 504.1646.
Methyl (6S, 6aS, 7S, 10R, lOaR, 14Z)-2,6,7,10-Tetrahydro-9-methoxy-7-
methyl-2-oxo-6a, Oa-epoxy-6,10-[3]hexene[1,5]diynophenanthridine-8-
carboxylate (7)
Tributyltin hydride (88 gL, 0.33 mmol, 1.1 equiv) was injected into a
deoxygenated suspension of 5-allyl methyl (4aS, 6S, 6aS, 7S, 10R, lOaR, 14Z)-
2,4a,7,1 0-tetrahydro-4a,9-dimethoxy-7-methyl-2-oxo-6a,10a-epoxy-6,10-[3]hex-
ene[ 1,5]diynophenanthridine-5,8(6H)-dicarboxylate (150 mg, 0.298 mmol, 1
equiv), bis(triphenylphosphine)palladium(II) chloride (105 mg, 0.149 mmol,
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0.500 equiv) and water (50 gL) in dichloromethane (5 mL) at 23 OC. The
reaction mixture was stirred for 10 min at 23 oC, then was concentrated to a
volume of ca. 1 mL. The resulting suspension was loaded directly onto a
column of flash-grade silica gel prepared with 30% ethyl acetate in hexanes.
The product was eluted with 30% ethyl acetate in hexanes initially, grading to
50% ethyl acetate in hexanes, to provide, after concentration of appropriate
fractions, methyl (6S, 6aS, 7S, 10R, lOaR, 14Z)-2,6,7,10-tetrahydro-9-methoxy-
7-methyl-2-oxo-6a, 1 Oa-epoxy-6,1 0-[3]hexene[1, 5]diynophenanthridine-8-car-
boxylate (7) as a yellow oil (90 mg, 78%): Rf 0.26, 40% ethyl acetate-hexanes;
'H NMR (300 MHz, C6 D6 ) 86.83 (d, 1H, J= 10.0 Hz), 6.45 (d, IH, J = 2.0 Hz),
6.04 (dd, 1H, J = 9.6, 2.0 Hz), 5.21 (dd, 1H J = 10.4, 1.0 Hz), 5.18 (dd, 1H, J =
10.4, 1.0 Hz), 5.06 (br s, 1 H), 3.75 (q, 1 H, J = 7.3 Hz), 3.65 (br s, 1 H), 3.49 (s,
3H), 3.47 (s, 3H), 1.36 (d, 3H, J = 7.3 Hz); 13C NMR (100 MHz, C6D6 ) 8 185.7,
166.6, 161.4, 154.5, 141.2, 137.3, 131.7, 127.1, 123.8, 123.2, 115.9, 99.2, 97.5,
89.2, 88.5, 63.9, 63.3, 58.7, 52.7, 51.4, 36.5, 32.0, 18.9; FTIR (neat), cm-1 : 1714
(s, C=O), 1651 (vs, C=O); [a]D2 (C 6H6), +1,355.9, C = 0.64; HRMS (FAB) m/z
calcd for C23H 19NO 5 (M+2H)" 389.1263, found: 389.1241.
(IS, 4R, 4aS, 6aR, 7R, 12S, 12aS, 14S, 14aS, 18Z)-7-Ethoxy-
1,2,3,4,7,12,12a,14-octahydro-3,3-dimethoxy-1-methyl-4-trimethylsiloxy-
4a,14a:7,12-diepoxy-4,14-[3]hexene[1,5]diynonaphtho[2,3-c]phenanthridin-
6(6aH)-one (80) and (IS, 4R, 4aS, 6aR, 7S, 12R, 12aS, 14S, 14aS, 18Z)-7-
Ethoxy-1,2,3,4,7,12,12a,14-octahydro-3,3-dimethoxy-1-methyl-4-trimethyl-
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siloxy-4a,1 4a:7,12-diepoxy-4,14-[3]hexene[1,5]diynonaphtho[2,3-c]phenan-
thridin-6(6aH)-one (81)
A deoxygenated solution of (6S, 6aS, 7S, 10R, lOaR, 14Z)-7,8,9,10-
tetrahydro-9, 9-dimethoxy-7-methyl-1 0-(trimethylsiloxy)-6a, 1 Oa-epoxy-6,10-[3]-
hexene[1,5]diynophenanthridin-2(6H)-one (78, 5.0 mg, 11 4mol, 1 equiv), 1,1-
diethoxyphthalan (50 mg, 0.24 mmol, 22 equiv), and glacial acetic acid (1.0 AL,
17 gmol, 1.6 equiv) in toluene (2 mL) was heated at reflux for 20 min. Heating
was stopped briefly and more glacial acetic acid (1.0 gL, 17 gmol, 1.6 equiv)
was added to the warm reaction mixture. The reaction mixture was heated at
reflux for 15 min, then was cooled to 23 OC and was concentrated in vacuo.
The residue was purified by chromatography using two flash columns in
sequence (first column: 10% ethyl acetate in dichloromethane; second
column: 40% ethyl acetate in hexanes) to provide separately (1 S, 4R, 4aS, 6aR,
7R, 12S, 12aS, 14S, 14aS, 18Z)-7-ethoxy-1,2,3,4,7,12,12a,14-octahydro-3,3-
dimethoxy-1 -methyl-4-trimethylsiloxy-4a, 14a:7,12-diepoxy-4,14-[3]hexene[1,5]-
diynonaphtho[2,3-c]phenanthridin-6(6aH)-one (80) as a colorless oil (2.0 mg,
30%) and (I S, 4R, 4aS, 6aR, 7S, 12R, 12aS, 14S, 14aS, 18Z)-7-ethoxy-
1,2,3,4,7,12,1 2a, 1 4-octahydro-3,3-dimethoxy-1 -methyl-4-trimethylsiloxy-
4a, 1 4a:7,12-diepoxy-4,14-[3]hexene[1,5]diynonaphtho[2,3-c]phenanthridin-
6(6aH)-one (81) as colorless oil (2.0 mg, 30%). 80: R, 0.12, 10% ethyl
acetate-dichloromethane; 'H NMR (400 MHz, CD 6 ) 8 7.44 (br d, 1H, J = 6.3
Hz), 7.31 (br d, 1 H, J = 6.8 Hz), 7.10 (td, 1 H, J = 6.8, 1.2 Hz), 7.05 (td, 1 H, J = 6.8,
1.2 Hz), 6.70 (s, 1H), 5.42 (d, 1H, J = 5.4 Hz), 5.20 (br s, 2H), 5.09 (br s, 1H),
30
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4.01 (m, 1H), 3.91 (m, 1H), 3.32 (s, 3H), 3.10 (d, 1H, J = 9.6 Hz), 2.97 (s, 3H),
2.75 (d, I H, J = 7.8 Hz), 2.58 (m, 1 H), 1.82 (d, 2H, J = 9.7 Hz), 1.26 (t, 3H, J = 6.8
Hz), 0.98 (d, 3H, J = 7.1 Hz), 0.41 (s, 9H); FTIR (neat), cm-1 : 1667 (s, C=O). 81:
R,0.32, 10% ethyl acetate-dichloromethane; 'H NMR (400 MHz, CD6) 8 7.83 (s,
1 H), 6.97 (br d, 1 H, J = 6.8 Hz), 6.89 (td, 1 H, J = 6.8, 1.2 Hz), 6.86 (td, 1 H, J = 6.8,
1.2 Hz), 6.73 (br d, 1 H, J = 6.8 Hz), 5.44 (s, 1 H), 5.23 (br s, 2H), 5.17 (br s, 1 H),
3.82 (q, 2H, J = 7.1 Hz), 3.50 (s, 3H), 3.07 (d, 1 H, J = 7.8 Hz), 3.06 (s, 3H), 2.75
(d, IH, J= 7.8 Hz), 2.27 (m, 1H), 2.19 (t, 1H, J= 13.7 Hz), 1.92 (dd, 1H, J = 14.7,
4.8 Hz), 1.24 (t, 3H, J= 7.1 Hz), 1.00 (d, 3H, J= 6.8 Hz), 0.54 (s, 9H); FTIR (neat),
cm~1 : 1678 (s, C=O).
(IS, 4R, 4aS, 14S, 14aS, 18Z)-1,2,3,4,13,14-Hexahydro-6-hydroxy-3,3-
dimethoxy-1-methyl-4-trimethylsiloxy-4a,14a-epoxy-4,14-[3]hexene[1,5]di-
ynonaphtho[2,3-c]phenanthridine-7,12-dione (82)
Pyridinium chlorochromate (4.0 mg, 0.02 mmol, 11 equiv) was added to
a solution of (IS, 4R, 4aS, 6aR, 7S, 12R, 12aS, 14S, 14aS, 18Z)-7-ethoxy-
1,2,3,4,7,12,12a, 14-octahydro-3,3-dimethoxy-1 -methyl-4-trimethylsiloxy-
4a, 1 4a:7,12-diepoxy-4,14-[3]hexene[1,5]diynonaphtho[2,3-c]phenanthridin-
6(6aH)-one (81, 1.0 mg, 1.6 gmol, 1 equiv) in dichloromethane (0.5 mL) at 23
oC. The reaction mixture was stirred for 10 min, then was loaded directly onto a
column of flash-grade silica gel prepared with 20% ethyl acetate in hexanes.
The product was eluted with 20% ethyl acetate in hexanes, to provide, after
concentration of appropriate fractions, (1 S, 4R, 4aS, 14S, 14aS, 18Z)-
1,2,3,4,13,14-hexahydro-6-hydroxy-3,3-dimethoxy-1 
-methyl-4-trimethylsiloxy-
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4a, 14a-epoxy-4,14-[3]hexene[1,5]diynonaphtho[2,3-c]phenanthridine-7,12-
dione (82) as a red oil (300 lag, 30%): Rf 0.45, 40% ethyl acetate-hexanes; 1H
NMR (400 MHz, CD 6 ) 8 13.77 (s, 1H), 10.51 (br d, 1H, J = 4.0 Hz), 9.09 (s, 1H),
8.36 (br d, 1H, J = 7.6 Hz), 8.14 (br d, 1H, J = 7.6 Hz), 7.15 (t, 1H, J = 7.6 Hz),
7.07 (t, J = 7.6 Hz), 5.21 (d, 1H, J = 10.0 Hz), 5.16 (br d, 1H, J = 10.0 Hz), 3.86
(dd, 1H, J= 4.0, 1.2 Hz), 3.49 (s, 3H), 3.07 (s, 3H), 2.28 (m, 1H), 2.23 (t, 1H, J =
13.1 Hz), 1.90 (dd, 1H, J = 13.6, 4.8 Hz), 0.98 (d, 3H, J = 6.8 Hz), 0.52 (s, 9H);
FTIR (neat), cm-1 : 2278 (w, C C), 1651 (m, C=0), 1622 (m, C=0); HRMS (FAB)
m/z calcd for C33 H32 NO7Si (MH)+ 582.1948, found: 582.1979.
(IS, 4R, 4aS, 14S, 14aS, 18Z)-1,2,3,4,13,14-Hexahydro-4,6-dihydroxy-3,3-
dimethoxy-1-methyl-4a,14a-epoxy-4,14-[3]hexene[1,5]diynonaphtho[2,3-
c]phenanthridine-7,12-dione (85)
A solution of t-butyllithium in pentane (1.7 M, 0.13 mL, 0.21 mmol, 2.5
equiv) was added to a solution of 3-cyano-1(3H)-isobenzofuranone (27 mg,
0.17 mmol, 2.0 equiv) in tetrahydrofuran (1.0 mL) at -78 OC. The resulting
bright orange solution was stirred for 10 min at -78 oC before adding a solution
of (6S, 6aS, 7S, 10R, 10aS, 14Z)-7,8,9,10-tetrahydro-10-hydroxy-9,9-dimethoxy-
7-methyl-6a, 1 Oa-epoxy-6,1 0-[3]hexene[1,5]diynophenanthridin-2(6H)-one (79,
32.0 mg, p.085 mmol, 1 equiv) in tetrahydrofuran (1.0 mL). The cooling bath
was removed, and the reaction mixture was allowed to warm to 23 oC. After 10
min, the reddish-violet reaction mixture was applied directly to a column of
flash-grade silica gel prepared with 50% ethyl acetate in hexanes and the
product was eluted with the same solvent mixture. Concentration of the
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appropriate column fractions and further purification of the residue by
chromatography on Sephadex LH-20 (methanol) afforded (IS, 4R, 4aS, 14S,
14aS, 18Z)-1,2,3,4,13,14-hexahydro-4,6-dihydroxy-3,3-dimethoxy-1 -methyl-
4a, 14a-epoxy-4,14-[3]hexene[1,5]diynonaphtho[2,3-c]phenanthridine-7,12-
dione (85) as a dark reddish-violet oil (36 mg, 85%): R, 0.53, 40% ethyl
acetate-hexanes; 'H NMR (500 MHz, C6D6) 8 13.76 (s, 1H), 10.54 (d, 1H, J = 4.1
Hz), 9.17 (s, 1H), 8.30 (d, 1H, J= 7.9 Hz), 8.10 (d, 1H, J= 7.2 Hz), 7.10 (td, 1H, J
= 7.9, 1.2 Hz), 7.01 (td, 1 H, J = 6.9, 1.2 Hz), 5.11 (s, 2H), 3.84 (d, I H, J = 4.3 Hz),
3.33 (s, 3H), 2.93 (s, 3H), 2.20 (m, 1 H), 2.12 (t, I H, J = 13.9 Hz), 1.78 (dd, 1 H, J
= 11.9, 4.7 Hz), 0.92 (d, 3H, J= 7.3 Hz); '3 C NMR (125 MHz, C6 D6 ) 8 187.3,183.8,
157.1, 143.4, 136.8, 135.5, 133.6, 133.3, 132.5, 131.5, 126.9, 126.3, 123.5,
123.1, 113.7, 112.1, 101.7, 100.8, 97.9, 93.9, 88.8, 78.2, 73.5, 66.7, 51.5, 49.4,
44.7, 37.2, 31.3,16.6; FTIR (neat), cm-': 1621(m, C=O); HRMS (FAB) m/z calcd
for C30H2 3 NO 7 (M)+ 509.1475, found: 509.1481.
Methyl (IS, 4R, 4aR, 14S, 14aS, 18Z)-1,4,7,12,13,14-Hexahydro-6-hydroxy-3-
methoxy-1-methyl-7,12-dioxo-4a,14a-epoxy-4,14-[3]hexene[1,5]diyno-
naphtho[2,3-c]phenanth ridi ne-2-carboxylate (83)
A solution of t-butyllithium in pentane (1.5 M, 44 pL, 66 pmol, 2.1 equiv)
was added to a solution of 3-cyano-1 (3H)-isobenzofuranone (10.0 mg, 62.9
pmol, 2.00 equiv) in tetrahydrofuran (800 gL) at -78 oC. The resulting bright
yellow solution was stirred at -78 OC for 15 min before adding a solution of
methyl (6S, 6aS, 7S, 10R, 1OaR, 1 4Z)-2,6,7,1 0-tetrahydro-9-methoxy-7-methyl-
2-oxo-6a, 1 Oa-epoxy-6,1 0-[3]hexene[ 1, 5]diynophenanthridine-8-carboxylate (7,
33
vi " I american onemicai zociety J. Am. k-nem. 3oc. v i i!s rageou I/ /viyers 3uppiemental rage .i4
12.1 mg, 31.1 plmol, 1 equiv) in tetrahydrofuran (800 gL). The resulting solution
was warmed to -40 oC and was stirred at that temperature for 25 min. The
deep reddish-green solution was partitioned between aqueous potassium
dihydrogen phosphate solution (1.0 M, pH 5, 20 mL) and ethyl acetate (20 mL).
The aqueous layer was separated and extracted further with ethyl acetate (2 x
20 mL). The combined organic layers were dried over sodium sulfate and
were concentrated. The residue was purified by column chromatography on
Sephadex LH-20 (methanol) to afford methyl (1S, 4R, 4aR, 14S, 14aS, 18Z)-
1,4,7,12,13,14-hexahydro-6-hydroxy-3-methoxy-1 -methyl-7,12-dioxo-4a, 1 4a-
epoxy-4,1 4-[3]hexene[ 1, 5]diynonaphtho[2,3-c]phenanthridine-2-carboxylate (83)
as a dark reddish-violet film (9.3 mg, 58%): R, 0.55, 40% ethyl acetate-
hexanes; 'H NMR (500 MHz, C6 D6) 813.78 (s, 1H), 10.34 (d, 1H, J = 4.0 Hz),
8.34 (d, IH, J= 7.2 Hz), 8.15 (d, 1H, J= 8.4 Hz), 7.45 (s, 1H), 7.15 (m, 1H), 7.05
(m, 1 H), 5.21 (dd, 1 H, J = 10.1, 1.1 Hz), 5.14 (d, 1 H, J = 10.1, 1.3 Hz), 3.95 (br s,
1 H), 3.81 (q, 1 H, J = 7.3 Hz), 3.62 (d, 1 H, J = 3.4 Hz), 3.50 (s, 6H), 1.43 (d, 3H, J
=7.3 Hz); 13C NMR (125 MHz, CrD6 ) 8 187.6, 184.0, 166.8, 157.1, 155.1, 142.7,
135.2, 133.9, 133.2, 133.0, 127.0, 126.4, 125.4, 123.9, 123.5, 115.6, 114.4 (2C),
113.0, 99.3, 98.7, 89.9, 89.7, 70.7, 63.7, 58.6, 51.3, 44.8, 36.9, 33.5, 19.0; FTIR
(neat), cm~1 : 1711 (m, C=O), 1693 (m, C=O), 1620 (s, C=C); HRMS (FAB) m/z
calcd for C3 1 1H2 2NO 7 (M)+ 520.1396, found: 520.1434.
Hydrogen (1S, 4R, 4aR, 14S, 14aS, 18Z)-1,4,7,12,13,14-Hexahydro-6-hydroxy-
3-methoxy-1-methyl-7,12-dioxo-4a,14a-epoxy-4,14-[3]hexene[1,5]diyno-
naphtho[2,3-c] phenanth ridine-2-carboxylate (86)
34
IYI:;/ 'Mir~1llud11 '..I11r1111~d 1 3UU~r'LY J. MIII. %_.1IIaII. k3uL. V I I:; rdg~UV/Z IVJYUIi~ 31tPP1U111~ Ld1 rager J-)
A solution of t-butyllithium in pentane (1.4 M, 24 gL, 33 limol, 2.2 equiv)
was added to a solution of 3-cyano-1 (3H)-isobenzofuranone (4.8 mg, 30 pmol,
2.0 equiv) in tetrahydrofuran (1.0 mL) at -78 OC. The resulting bright yellow
solution was stirred at -78 OC for 15 min whereupon a solution of
triisopropylsilyl (6S, 6aS, 7S, 1 OR, 1 OaR, 14Z)-2,6,7,1 0-tetrahydro-9-methoxy-7-
m ethyl-2-oxo-6a, 1 Oa-epoxy-6,1 0-[3]hexene[ 1, 5]d iynophenanthridine-8-carboxyl-
ate (6, 8.0 mg, 15 gmol, 1 equiv) in tetrahydrofuran (1.0 mL) was added. The
resulting solution was warmed to -30 oC and was stirred at that temperature
for 30 min. Excess hydrogen fluoride-pyridine (75 gL) was then added and the
resulting solution was warmed to -20 oC and was stirred at that temperature
for 10 min. The deep red solution was partitioned between aqueous
potassium dihydrogen phosphate solution (1.0 M, pH 5, 20 mL) and ethyl
acetate (20 mL). The aqueous layer was separated and extracted further with
ethyl acetate (2 x 20 mL). The combined organic layers were dried over
sodium sulfate and were concentrated. The residue was purified by column
chromatography on Sephadex LH-20 (methanol) to afford hydrogen (1 S, 4R,
4aR, 14S, 14aS, 1 8Z)-1,4,7,12,13,1 4-hexahydro-6-hydroxy-3-methoxy-1 -methyl-
7,12-dioxo-4a,14a-epoxy-4,14-[3]hexene[1,5)diynonaphtho[2,3-c]phenanthri-
dine-2-carboxylate (86) as a dark reddish-violet film (3.6 mg, 47%): R, 0.41,
ethyl acetate; 'H NMR (500 MHz, C6D6) 5 13.72 (s, 1H), 10.28 (br s, 1H), 8.35 (d,
1H, J = 7.8 Hz), 8.15 (d, 1H, J = 7.7 Hz), 7.48 (s, 1H), 7.18 (m, 1H), 7.05 (m, 1H),
5.20 (d, 1 H, J = 10.1 Hz), 5.12 (d, 1 H, J = 10.1 Hz), 3.90 (q, I H, J = 7.3 Hz), 3.75
(s, 1 H), 3.55 (br s, 1 H), 2.79 (s, 3H), 1.50 (d, 3H, J = 7.2 Hz); FTIR (neat), cm-1:
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1690 (m, C=O), 1650 (m, C=O), 1590 (m, C=C); HRMS (FAB) m/z calcd for
C30H19NO 7 (M)* 505.1162, found: 505.1169.
(IS, 4R, 4aS, 6aR, 7R, 12R, 12aS, 14S, 14aS, 18Z)-1,2,3,4,7,12,12a,14-
Octahydro-3,3-dimethoxy-1-methyl-4,7-bis(trimethylsiloxy)-8,11-bis[[2-(tri-
methylsilyl)ethoxy]methoxy]-4a,14a:7,12-diepoxy-4,14-[3]hexene[1,5]-diyno-
naphtho[2,3-c]phenanthridin-6(6aH)-one (101)
A solution of lithium NN-bis(trimethylsilyl)amide in tetrahydrofuran (0.07
M, 1.08 mL, 0.08 mmol, 4.90 equiv) at -78 oC was transferred via cannula to a
solution of 4,7-bis[[2-(trimethylsilyl)ethoxyl]methoxy]phthalide (92, 32 mg, 0.08
mmol, 4.3 equiv) in tetrahydrofuran (0.5 mL) at -78 oC, and the resulting bright
yellow solution was stirred for 20 min at -78 OC. Chlorotrimethylsilane (30 RL,
0.24 mmol, 14 equiv) was added to the cold reaction mixture. The reaction
solution became colorless after 10 min at -78 oC. A solution of (6S, 6aS, 7S,
1 OR, 1 OaR, 14Z)-7,8,9,1 0-tetrahydro-9,9-dimethoxy-7-methyl-1 0-(trimethyl-
siloxy)-6a, 1 Oa-epoxy-6,1 0-[3]hexene[ 1, 5]diynophenanthridin-2(6H)-one (78, 7.8
mg, 0.02 minol, I equiv) in tetrahydrofuran (1 mL) at 23 oC was transferred via
cannula to the cold reaction mixture. The cooling bath was removed and the
reaction mixture was heated to reflux within 2 min using a heat gun. The
reaction mixture was held at reflux for 10 min, then was allowed to cool to 23
OC. The product solution was partitioned between saturated aqueous sodium
bicarbonate solution (20 mL) and ethyl acetate (20 mL). The aqueous layer
was separated and extracted with ethyl acetate (20 mL). The combined organic
layers were dried over sodium sulfate and were concentrated. The residue
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was purified by flash column chromatography (20% ethyl acetate in hexanes
initially, then 40% ethyl acetate in hexanes) to provide (1 S, 4R, 4aS, 6aR, 7R,
12R, 12aS, 14S, 14aS, 18Z)-1,2,3,4,7,12,12a,14-octahydro-3,3-dimethoxy-1-
methyl-4,7-bis(trimethylsiloxy)-8, 11 -bis[[2-(trimethylsilyl)ethoxy]-methoxy]-
4a, 14a:7,12-diepoxy-4,14-[3]hexene[1,5]diynonaphtho[2,3-c]phenanthridin-
6(6aH)-one (101) as a light yellow oil (5.2 mg, 32%): R, 0.52, 40% ethyl
acetate-hexanes; 1H NMR (400 MHz, CD6) 8 7.80 (s, 1H), 6.99 (d, 1H, J = 8.8
Hz), 6.95 (d, 1H, J= 8.8 Hz), 5.89 (s, 1H), 5.22 (d, 1H, J= 10.0 Hz), 5.19 (dd, 1H,
J= 10.0, 1.2 Hz), 5.16 (d, 1H, J= 7.1 Hz), 5.08 (d, 1H J= 1.2 Hz), 5.01 (d, 1H, J =
7.1 Hz), 4.97 (d, 1H, J= 6.8 Hz), 4.95 (d, 1H, J = 6.8 Hz), 3.87 (m, 2H), 3.70 (m,
2H), 3.30 (s, 3H), 3.24 (d, 1H, J= 7.6 Hz), 3.12 (s, 3H), 2.98 (d, 1H, J= 7.8 Hz),
2.37 (m, 1H), 2.12 (t, 1H, J= 13.6 Hz), 1.88 (dd, 1H, J= 14.0, 5.5 Hz), 1.03 (d,
3H, J = 7.3 Hz), 1.03-0.88 (m, 4H), 0.56 (s, 9H), 0.41 (s, 9H), 0.05 (s, 9H), -0.01
(s, 9H); FTIR (neat), cm-1 : 1674 (s, C=0).
(1S, 4R, 4aS, 14S, 14aS, 18Z)-1,2,3,4,-Tetrahydro-4-(trimethylsiloxy)-7-
hydroxy-3,3-dimethoxy-1-methyl-8,11-bis[[2-(trimethylsilyl)ethoxy]methoxy]-
4a,14a-epoxy-4,14-[3]hexene[1,5]diynonaphtho[2,3-c]phenanthridin-6(14H)-
one (103)
Triethylamine trihydrofluoride (10 gL, 0.06 mmol, 23 equiv) was added to
a solution of (I S, 4R, 4aS, 6aR, 7R, 12R, 12aS, 14S, 14aS, 18Z)-
1,2,3,4,7,12,12a, 1 4-octahydro-4,7-bis(trimethylsiloxy)-3,3-dimethoxy-1 
-methyl-
8,11-bis[[2-(trimethylsilyl)ethoxy]methoxy]-4a,14a:7,12-diepoxy-4,14-[3]hexene-
[1, 5]diynonaphtho[2,3-c]phenanthridin-6(6aH)-one (101, 2.5 mg, 2.6 gmol, 1
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equiv) in acetonitrile (1.5 mL) at 23 oC, and the reaction solution was stirred for
1 h at 23 oC. The yellow product solution was partitioned between saturated
aqueous sodium bicarbonate solution (20 mL) and ethyl acetate (20 mL). The
aqueous layer was separated and extracted with ethyl acetate (20 mL). The
combined organic layers were dried over sodium sulfate and were
concentrated. Silica gel (100 mg) was added to a solution of the residue in
benzene (1.0 mL) at 23 oC, and the slurry was stirred for I h at 23 oC. During
this time, the yellow slurry became red. The slurry was concentrated in vacuo
and the residue was purified by flash column chromatography (10% ethyl
acetate in hexanes initially, then 20% ethyl acetate in hexanes) to provide (1 S,
4R, 4aS, 14S, 14aS, 1 8Z)-1,2,3,4, -tetrahydro-4-(trimethylsiloxy)-7-hydroxy-3,3-
dimethoxy-1 -methyl-8, 11 -bis[[2-(trimethylsilyl)ethoxy]methoxy]-4a, 1 4a-epoxy-
4,14-[3]hexene[1,5]diynonaphtho[2,3-c]phenanthridin-6(14H)-one (103) as a
red oil (1.0 mg, 44%): Rf 0.57, 40% ethyl acetate-hexanes; 1H NMR (400 MHz,
CD 6) 815.17 (s, 1H), 9.15 (s, 1H), 8.08 (s, 1H), 7.29 (d, IH, J= 8.7 Hz), 7.20 (d,
1 H, J = 8.7 Hz), 5.35 (br s, 1 H), 5.30 (d, 1 H, J = 6.6 Hz), 5.27 (d, 1 H, J = 6.6 Hz),
5.26 (d, 1H, J= 10.0 Hz), 5.23 (dd, 1H, J= 10.0, 1.2 Hz), 5.09 (d, 1H, J = 7.1 Hz),
5.07 (d, 1H, J= 7.1 Hz), 3.94 (t, 2H, J = 7.9 Hz), 3.74 (t, 2H, J = 8.1 Hz), 3.38 (s,
3H), 3.08 (s, 3H), 2.35 (m, 1H), 2.18 (t, 1H, J= 13.7 Hz), 1.90 (dd, 1H, J = 14.1,
5.4 Hz), 1.04 (d, 3H, J= 7.3 Hz), 1.02 (t, 2H, J= 8.1 Hz), 0.94 (t, 2H, J = 8.1 Hz),
0.43 (s, 9H), 0.02 (s, 9H), -0.02 (s, 9H); FTIR (neat), cm-': 1636 (m, C=O),
1615 (m, C=C); HRMS (FAB) m/z calcd for C45H60NO10 Si3 (MH)+ 858.3525,
found: 858.3506.
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(IS, 4R, 4aS, 14S, 14aS, 18Z)-1,2,3,4,13,14-Hexahydro-6,8,11-trihydroxy-3,3-
dimethoxy-1-methyl-4-trimethylsiloxy-4a,14a-epoxy-4,14-[3]hexene[1,5]-
diynonaphtho[2,3-c]phenanthridine-7,12-dione (111)
A solution of potassium N,N-bis(trimethylsilyl)amide in toluene (0.5 M,
1.73 mL, 0.867 mmol, 26.0 equiv) was added to a deoxygenated solution of
4,7-bis(trimethylsiloxy)phthalide (93, 259 mg, 0.834 mmol, 25.0 equiv, dried by
azeotropic distillation with toluene, 1 mL) in tetrahydrofuran (5.0 mL) at -78 OC,
and the resulting bright yellow solution was stirred for 25 min at -78 oC. During
this time the reaction mixture darkened, becoming yellow-brown. A 1:1.6
mixture of chlorotrimethylsilane and triethylamine (415 p.L, 1.19 mmol in
chlorotrimethylsilane, 35.6 equiv) was added. The reaction mixture was
brought to --20 oC where the reaction solution became pale yellow within 5 min.
At this point, a solution of (6S, 6aS, 7S, 1OR, 1OaR, 14Z)-7,8,9,10-tetrahydro-
9,9-dimethoxy-7-methyl-10-(trimethylsiloxy)-6a,10a-epoxy-6,10-[3]hexene[1,5]-
diynophenanthridin-2(6H)-one (78, 15.0 mg, 33.4 [tmol, 1 equiv) in
tetrahydrofuran (1.5 mL) was transferred to the cold reaction mixture. The
reaction flask was placed in an oil bath preheated to 55 oC and the reaction
mixture was held at that temperature for 15 min. The flask was then allowed to
cool to 23 OC and the reaction solution was concentrated to afford (1 S, 4R, 4aS,
6aR, 7R, 12R, 12aS, 14S, 14aS, 18Z)-1,2,3,4,7,12,12a,14-octahydro-3,3-
dimethoxy-1 -methyl-4,7,8,11 -tetra(trimethylsiloxy)-4a, 1 4a: 7,12-diepoxy-4,14-
[3]hexene[1,5]diynonaphtho[2,3-c]phenanthridin-6(6aH)-one as a light yellow
solid. The solid was dissolved in pyridine (1 mL) and the resulting solution
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was transferred to an emerald green solution of copper(l) chloride (13 mg, 0.13
mmol, 4.0 equiv) in pyridine (1.0 mL) under an atmosphere of oxygen,
producing an olive-green solution. To this solution was added a 600-pL aliquot
of an ice-cold solution composed of hydrogen fluoride-pyridine (1.0 mL),
pyridine (4.0 mL), and tetrahydrofuran (10 mL). Oxygen was bubbled gently
through the reaction mixture, which quickly turned black. After 10 min, the flow
of oxygen gas was discontinued and the product solution was partitioned
between ethyl acetate (50 mL) and water (50 mL). The aqueous layer was
separated and extracted with ethyl acetate (50 mL) and the combined organic
layers were washed sequentially with saturated aqueous ethylenediamine
tetraacetic acid solution (EDTA, 50 mL) and saturated aqueous sodium
chloride solution (3 x 50 mL). The aqueous layers were combined and
extracted with ethyl acetate (50 mL). The combined organic extracts were dried
over sodium sulfate and were concentrated. The residue was purified by
column chromatography on lipophilic Sephadex LH-20, (methanol) to afford
(1S, 4R, 4aS, 14S, 14aS, 18Z)-1,2,3,4,13,14-hexahydro-6,8,11-trihydroxy-3,3-
dimethoxy-1 -methyl-4-trimethylsiloxy-4a, 1 4a-epoxy-4,1 4-[3]hexene[1,5]diyno-
naphtho[2,3-c]phenanthridine-7,12-dione (111) as a dark blue solid (13.0 mg,
63%): Rf 0.65, 40% ethyl acetate-hexanes; 1H NMR (400 MHz, C6 D6 ) 8 13.58 (s,
1H), 12.84 (s, IH), 12.45 (s, 1H), 9.96 (d, 1H, J = 4.4 Hz), 9.01 (s, 1H), 6.96 (d,
1H, J = 9.2 Hz), 6.86 (d, 1H, J= 9.2 Hz), 5.22 (d, 1H, J= 10.1 Hz), 5.18 (dd, 1H, J
= 10.1, 1.3 Hz), 3.88 (dd, 1H, J= 4.4, 1.3 Hz), 3.46 (s, 3H), 3.06 (s, 3H), 2.26 (m,
1H), 2.19 (app t, 1H, J= 13.2 Hz), 1.89 (dd, 1H, J= 13.2, 4.0 Hz), 0.98 (d, 3H, J =
40
